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Dissolved organic carbon (DOC) export from salt marshes via groundwater 
represents an important source to the coastal ocean.  Coastal aquifers and salt marshes are 
especially vulnerable to rising sea levels due to their low elevation and proximity to the 
ocean.  Carbon sequestration in marshes will become overwhelmed by inundation and 
increase carbon release from these organic-rich ecosystems.  Groundwater flushing 
through sediments mixes with tidal recharge, and the resulting submarine discharge 
enhances DOC export in this Florida salt marsh study, where the groundwater DOC 
export is derived from a regional water balance and total surface water DOC export.  
Fresh groundwater discharge from the Econfina-Aucilla salt marsh is 0.072-0.14 cm/day.  
The seasonal groundwater DOC export to the Gulf of Mexico is 150-180 gC/m2/year, or 
2.2 to 34% of the total carbon exported from the marsh.  Clearly, groundwater discharge 
from salt marshes is an important source to the global ocean carbon cycle.  
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The mixture of fresh groundwater and tidal recharge that comprises submarine 
discharge in tidal creek-salt marsh systems exports a significant fraction of total dissolved 
organic carbon (DOC) to the coastal ocean (e.g., Dame et al., 1986; Goñi and Gardner, 
2003; Moore et al., 2006; Santos et al., 2009).  This subsurface mixing zone between 
fresh groundwater and marine recharge was first identified by Cooper (1959) as the zone 
of dispersion in coastal sediments and later described by Moore (1997) as the 
subterranean estuary.  Mixing between terrestrially derived groundwater and saltwater 
recharge plays an important role in regulating export and exchange of solutes between the 
coastal ocean and the continent (e.g., Moore, 1997; Goñi and Gardner, 2003).  Submarine 
groundwater discharge (SGD) is subject to oscillations in the seasonal water table 
(Michael et al., 2005) as well as variations in short term processes such as storms, wave 
setup, and tidal pumping (e.g. Kim and Hwang, 2002; Taniguchi and Iwakawa, 2004; 
Smith et al., 2008; Santos et al., 2009).  The increased research interest in submarine 
discharge (e.g., Cable et al., 1996; Krest et al., 2000; Goñi and Gardner, 2003; Cai et al., 
2003, Gardner, 2005; Santos et al., 2008) has yielded insight about the complex 
biogeochemical processes occurring in the sediments, the water column, and across the 
sediment-water interface.  These studies demonstrate that submarine discharge flows 
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through and is both influential to and influenced by some of the most productive 
ecosystems in the world, including mangrove swamps, estuaries, salt marshes, and 
seagrass beds.  Examining these productive coastal ecosystems, especially salt marshes, 
will aid in understanding the role played by groundwater export.   
Coastal wetland environments are highly productive due to riverine inputs, tidal 
mixing, high nitrogen loading rates, and the presence of efficient primary producers 
(Hopkinson et al., 2012).  Consequently, researchers have long been interested in the 
interactions between wetlands and the coastal ocean (e.g. Redfield 1972; Valiela et al., 
1978; Dame et al., 1986; Valiela et al., 1990; Winter et al., 1996; Dittmar et al., 2006).  
For example, a fraction of this primary production is exported from these systems as 
DOC (Duarte et al., 2005).  Duarte et al. (2005) estimate the gross primary production 
(GPP) of global salt marshes to be about 4000 gC/m2/yr, and that the net ecosystem 
production (NEP), or GPP less the respiration rate, to be as high as about 1600 gC/m2/yr.  
Mangroves have an estimated GPP of 2100 gC/m2/yr and an NEP of 220 gC/m2/yr; sea 
grass beds have an estimated GPP of 1900 gC/m2/yr and an NEP of 1200 gC/m2/yr 
(Duarte et al., 2005).  Salt marshes prove to be the most productive coastal ecosystems, 
as they are at least twice as productive as mangroves and seagrasses based on estimates 
of GPP, while NEP rates reveal salt marshes are nearly eight times as productive as 
mangroves and about the same as seagrasses.  These highly productive coastal systems 
are considered net autotrophic systems, with their excess carbon either stored in the 
sediments or exported to tidal creeks, bays, continental shelves, and eventually the open 
ocean (Hopkinson et al., 2012).   
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Salt marshes are common occurrences on coasts today, however they were not 
always as ubiquitous, and thus coastlines may have been less productive in the geologic 
past.  The most recent expansion of intertidal estuaries and marshes began 4,000 to 5,000 
years ago following the most recent glacial period in the Pleistocene, 110,000 to 10,000 
years ago (Redfield, 1972).  It was during this time period that sea level rise began 
slowing from 10 mm/yr to recent rates of 3.5 mm/yr (Redfield, 1972; Anisimov et al., 
2001).  During and following this decrease in the rate of sea level rise, coastal wetlands 
expanded via accumulation of peat and trapped flood tide sediments (Redfield, 1972).  
Currently, the total global land area covered by salt marshes is estimated to be between 
200,000 and 400,000 km2, with salt marsh inventories from Canada, Europe, the United 
States, and South Africa alone covering 22,000 km2 (Chmura et al., 2003; Hopkinson et 
al., 2012).  Though salt marshes occupy a relatively small fraction of the world’s land 
area (~2%), salt marsh coverage represents the largest component of the terrestrial 
biological carbon reservoir and about 14.5% of Earth’s total sequestered carbon 
(Rabenhorst, 1995).  
In addition to being massive producers of carbon, coastal salt marshes are also 
vital environments to global carbon sequestration due to their ability to store massive 
quantities of carbon.  According to Chmura et al. (2003), global rates of total carbon 
sequestration in salt marshes average 210 ± 20 gC/m2/yr, though Hopkinson et al. (2012) 
reports a much wider range from 57 ± 6 to 218 ± 24 gC/m2/yr (Table 1).  Hopkinson et 
al. (2012) estimated that carbon burial in coastal vegetative environments is 0.001 
PgC/year, while burial in non-vegetative coastal environments, such as salt flats and 
barren continental shelves, is comparable to the maximum amount of carbon burial that 
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takes place in terrestrial forests (12 gC/m2/yr).  For example, it is estimated that the top 
one meter of soil in the Amazon rainforest contains 66.9 PgC, while the biomass of the 
forest contains 51.1 PgC, for a combined storage of 118 PgC (Batjes and Dijkshoorn, 
1999; Nogueira et al., 2008).  In contrast, seagrass ecosystems could store as much as 
19.9 PgC in plant biomass (Fourqurean et al., 2012), while coastal sediments are 
generally carbon-poor; seagrass sediments on the West Florida Shelf contained less than 
4% organic matter (J. Cable, unpubl. data).  Carbon burial rates in seagrass beds have 
been estimated to be about 182 gC/m2/year (Gacia et al., 2002).  These studies and their 
estimates of carbon burial highlight the significant amount of carbon stored either 
temporarily or long-term in wetlands.  Uncertainties regarding the magnitude of global 
carbon sequestration in coastal salt marshes are due to both ambiguous estimates of 
global marsh area and the high rate of variability in sequestration rates between 
individual environments (Chmura et al., 2003; Hopkinson et al., 2012). 
  
Table 1: Estimates of global carbon burial in vegetated coastal systems as modified from 
Hopkinson et al. (2012).   
Ecosystem Global Area 
(x 1000 km2) 
Carbon Burial Rate 
(gC/m2/yr) 
Global Carbon Burial 
(TgC/yr) 
Mangroves 138 to 200 226 ± 39 31.0 to 45.2 
 
Intertidal marshes 200 to 400 57±6 to 218±24 11.4 to 87.0 
Seagrass beds 177 to 600 138±38 24.4 to 82.8 
 
Coastal wetlands have the capacity to release much of this stored carbon to the 
coastal ocean.  Their low elevations makes these ecosystems highly vulnerable to sea 
level rise and increased inundation frequencies, where this increased flushing and 
saturation of wetlands will enhance carbon export (Laffoley and Grimsditch, 2009).  
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Exhumed carbon is carbon released from marshes during inundation or other alterations 
of the marsh system.  This exhumed carbon may influence biological processes, ocean-
atmosphere exchange of carbon dioxide and the local buffering capacity of seawater.  
Coastal zones, including salt marshes, estuaries, and continental shelves, are the sites of 
an estimated oxidation rate for organic carbon of 7 x 1012 molC/yr (Smith and 
Hollibaugh, 1993).  Exhumed carbon may also be exported with recently produced 
carbon to aerobic continental shelf waters where it is easily oxidized in open ocean 
waters and can re-enter the atmosphere as carbon dioxide (Rabenhorst, 1995).  
Outwelled carbon, or carbon exported to the shelf, includes exhumed carbon and 
the newly produced carbon released from decaying plants and sediments in salt marshes, 
with and without the influence of sea level rise and anthropogenic effects.  For example, 
in the North Inlet, South Carolina, carbon export to the ocean was found to be about 328 
gC/m2/yr (Dame et al., 1986).  Winter et al. (1996) defined this carbon export 
phenomenon as coastal carbon outwelling, and proposed that small coastal areas, such as 
estuaries and wetlands, produce excess carbon, which is not sequestered but is instead 
exported along with nutrients to the coastal ocean.  In this defining study for the carbon 
outwelling hypothesis, Winter et al. (1996) found that 83% of total carbon exported to the 
ocean was as dissolved inorganic carbon (DIC) from the Swartkops Estuary, South 
Africa.  This estuary is characterized by shallow, semi-diurnal tides and an overall small 
freshwater input.  A strong seasonal component in DOC concentrations was also 
reported, with the highest concentrations occurring at the end of fall, then declining 
through spring, and returning to intermediate values during the summer and fall.  The net 
DOC flux estimate from the Swartkops was about 100 gC/m2/yr (Winter et al., 1996).  
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Though the nature of coastal carbon cycling is not entirely understood, Winter et al.’s 
(1996) study shows that large amounts of carbon can move from terrestrial to marine 
systems on timescales ranging from a single tidal cycle to over a year.  As sea level rise 
and anthropogenic effects continue to decrease wetland area, the amount of carbon 
outwelled from wetlands has the potential to increase in the coming decades as it includes 
more of that exhumed carbon from prior burial.    
 Despite rising sea level, preservation does occur in salt marshes, especially along 
less developed coasts or during times when sea level rise rates are moderate.  In these 
cases, salt marshes are able to retreat landward, or accrete vertically, as sea level rises 
(Morris et al., 2002) if sediment inputs are high enough to allow the marsh table to 
remain above mean sea level (Hopkinson et al., 2012).  However many rivers are 
controlled by dams or diverted from their original courses, and the sediment input to 
marshes is a fraction of what it was a century ago (Syvitski et al., 2009).  A slow-moving 
marsh retreat is only effective if the retreat progresses at a natural pace, adequate land 
area is available for the retreating shoreline, and minimal interference from human 
activity occurs.  If the rate of sea level rise is too rapid, and the marshes are prevented 
from moving backwards by lack of open land area or low sedimentary input, the marsh 
edges will become submerged and subject to increased erosion, thus releasing stored 
carbon from sediment deposits as exhumed carbon (Chmura et al., 2003).  Simulations of 
sea level rise and the potential for carbon sequestration have been described using a 
marsh equilibrium model where it was found that increasing sea level has a significant 
impact on the ability of existing marshes to sequester carbon (Morris et al., 2012).  The 
model shows that marshes with tidal amplitudes of less than 50 cm and a total suspended 
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sediment concentration of less than 20 mg/L would not be able to adjust to a 1-m sea-
level rise.  Most coastal U.S. marshes have a tidal amplitude of less than one meter. 
As sea level rises, an additional consequence will be the gradual inundation of 
coastal aquifers (e.g., Shennan, 1993; Barlow, 2003; Werner and Simmons, 2009).  Like 
salt marshes, coastal aquifers will retreat and accommodate saltwater intrusion if the 
natural sea level rise rate is slow and coastal development is not high.  However, coastal 
aquifers are often tapped for freshwater supplies and the resulting drawdown can cause 
extensive saltwater intrusion (Sherif and Singh, 1999; Werner and Simmons, 2009).  The 
Ghyben-Herzburg relationship states that for every foot of freshwater that is present 
above sea level in an unconfined aquifer, forty feet of freshwater will be present in the 
aquifer below sea level (Verrjuit, 1968).  As sea level rises, the groundwater table 
occurring near the land-sea interface will experience a decrease in the water table 
hydraulic gradient, which will allow faster, more extensive intrusion of saltwater (Sherif 
and Singh, 1999).  Higher density saltwater will intrude landward in the aquifer in a 
wedge shape, underneath the fresh groundwater and a mixing zone of fresh groundwater 
and saltwater intrusion will be found along the front of the intruding water (Lacombe et 
al., 2002).  This mixing zone is a higher ionic strength, biogeochemically reactive 
transition zone, and its migration landward can release elemental constituents previously 
bound in the sediments (e.g. Roy et al., 2010, 2011, 2012).  The combination of 
accelerated sea level rise and increased aquifer drawdown for water supplies enhances the 
vulnerability of these unseen yet biogeochemically important subsurface transition zones.   
Understanding carbon export and biogeochemical cycling in fresh groundwater 
and in saltwater-freshwater transition zones is important for quantifying carbon release to 
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the coastal ocean.  Submarine discharge has been recognized as a source of both nutrients 
and carbon to coastal oceans (e.g., Cai and Wang, 1998; Moore, 1999; Krest et al. 2000; 
Santos et al., 2009).  Even though marine sources, like bioirrigation, wave pumping, and 
tidal recharge dominate the amount of total submarine groundwater discharge, fresh 
groundwater discharge accounts for 16 to 34% of the DOC flux to Turkey Point, Florida 
(Santos et al., 2009).  In the South Atlantic Bight salt marshes of Georgia and South 
Carolina, Cai et al. (2003) estimated that groundwater-derived dissolved inorganic carbon 
(DIC) is 20 to 170 (x109) molC/year.  Groundwater-derived DOC estimates range from 
about 28 to 62 molC/m2/year for the North Inlet, SC, salt marshes (Dame et al., 1986; 
Goñi and Gardner, 2003; Moore et al., 2006).  While the biogeochemical processes that 
regulate input, removal, and recycling of carbon and other chemical constituents in the 
surface waters and sediments of estuaries are well known, these same processes occurring 
in subterranean estuaries are only just beginning to be understood (e.g., Gramling et al., 
2003; Bone et al., 2007; Santos et al., 2009; Dorsett et al., 2011; Roy et al., 2011).  Other 
recent studies have sought to understand the link between submarine discharge and 
carbon inputs to the coastal ocean (e.g., Cai et al., 2003; Goñi and Gardner, 2003; 
Gramling et al., 2003; Moore et al., 2006) and have found that fresh submarine discharge 
accounted for ~25% of total DOC export to the coastal Gulf of Mexico from a 
subterranean estuary (Santos et al., 2008), while Dorsett et al. (2011) found that fresh 
meteoric groundwater accounted for 34% of total DIC exiting a sandy, carbonate aquifer 
in Florida.  Groundwater typically contains higher nutrient concentrations than surface 
waters, enabling it to contribute greater quantities of nutrients to the nutrient budgets of 
estuarine and nearshore coastal systems, even when the volume of groundwater discharge 
 9 
is small (Santos et al., 2009; Porubsky et al., 2011).  It is evident that groundwater-
derived carbon must be considered a crucial contributor to the coastal carbon pool.  
  
Statement of the Problem 
Many potential sources and sinks exist for carbon as it transits from a coastal 
wetland to the ocean, including plants and soils (e.g., Aitkenhead and McDowell, 2000; 
Wang et al., 2004; Wang et al., in preparation), rivers (Aitkenhead and McDowell, 2000; 
Raymond and Bauer, 2001), anthropogenic inputs (Rabouille et al., 2001; Hopkinson et 
al., 2012), and groundwater (e.g., Wolaver et al., 1986; Gramling et al., 2003; Santos et 
al., 2008; Moore, 2010; Dorsett et al., 2011).  Wang et al. (in prep.) estimate 560 µM and 
1,100 µM of DOC leaches from stems and roots of Spartina alterniflora taken from a 
coastal Gulf of Mexico salt marsh to marsh pore waters during the spring growing season 
and the fall senescence, respectively.  The average export of dissolved organic carbon 
from the Amazon River was found to be 36.1 Tg/yr (8.5 gC/m2/yr), with 62%, or 22 
Tg/yr, represented by DOC (Richey et al., 1990).  Dittmar et al. (2006) estimated on a 
global scale that mangroves export more than 10% of the terrestrially derived, refractory 
DOC to the ocean each year.  It is likely salt marshes quantitatively contribute at least 
that much DOC to the ocean based on their high productivity, comparable surface area, 
and proximity to the ocean (e.g., Chmura et al., 2003; Duarte et al., 2005; Hopkinson et 
al., 2012).  In all of these studies, a persistent uncertainty is the contribution of 
groundwater to this DOC export.  Groundwater is a well-known source of other nutrients 
(N, P, Si) and pollutants (Hg, As, toluene, benzene) to the coastal ocean (e.g., Krest et al., 
2000; Ravenscroft et al., 2011; Bone et al., 2007; Farhadian et al., 2007; Santos et al., 
2009).  Goñi and Gardner (2003) have shown in North Inlet, SC, that groundwater-
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derived DOC export was about 5.5 mg DOC/m2/d.  Santos et al. (2009) showed that 
groundwater from the surficial aquifer near the FSU Marine Laboratory at Turkey Point, 
Florida, delivered DOC to the nearshore bay waters at a rate of 34 mmol/m2/d.  Given the 
results from these previous studies and the proximity of the unconfined portion of the 
Floridan Aquifer to the Florida Big Bend coastal marshes, groundwater may represent a 
significant and heretofore unquantified source of carbon to Florida Big Bend marshes and 
eventually to the open ocean. 
 My hypothesis is that groundwater contributes a significant source of dissolved 
organic carbon to a Florida tidal creek-salt marsh system adjacent to Econfina State Park.  
This groundwater-derived DOC is mixed with DOC from other sources within the tidal 
creeks and ultimately exported to the coastal ocean (Fig. 1).  My objectives for this 
research are threefold: (1) to quantify groundwater discharge to the Econfina-Aucilla 
tidal-creek marsh system using a regional water balance; (2) to estimate the total export 
of dissolved organic carbon from the salt marsh system; and (3) to estimate the 
magnitude of groundwater-derived DOC export to the tidal creek system relative to the 






Figure 1: A conceptual model of water and carbon flow from the forest through the 
marsh to the Gulf of Mexico indicates the primary sources and sinks. (Figure 
generated by Jill Arriola)
   
Field Site Description 
Florida is an exposed part of a wide, shallow limestone and dolomite shelf that 
extends into the Gulf of Mexico.  The gently sloping shelf supports extensive salt 
marshes along the Gulf Coast, but the low elevation gradients also make this region 
particularly susceptible to sea level rise (Raabe and Stumpf, 1995).  The Big Bend region 
is defined as a rocky coast, as it consists of drowned karst formations, with Suwannee 
limestone formation occurring only a few centimeters to meters under the region’s 
sediments (e.g., Raabe and Stumpf, 1995; Mattson, 2002; Wood and Hine, 2007) (Fig. 2). 
The region is notoriously sediment-starved, due to low sediment loads carried by Big 
Bend rivers (e.g., the Wakulla, Wacissa, Aucilla, Econfina, Steinhatchee, and Suwannee; 
Mattson, 2002), thus limiting the formation of barrier islands and beaches and instead 
supporting thin, open-marine marshes (Wood and Hine, 2007).  The research site is 
located near Apalachee Bay, where about two-thirds of Florida’s Gulf Coast marshes can 
be found (Montague and Odum 1997).  This study focuses on a 6.95 km2 marsh to the 
west of the Econfina River State Park.  The marsh is bounded by the Gulf of Mexico, a 
Florida state forest, and two small rivers, the spring-fed Aucilla River to the north, and 
the runoff dominated Econfina River in the south (Fig. 3c).  The regional hydrogeology is 
comprised of the Floridan Aquifer, a carbonate artesian aquifer unconfined along the 
northeastern Big Bend coastline (Fig. 2, Fig. 3a).  This aquifer discharges at the coastline 
via groundwater seepage and springs (Raabe and Stumpf, 1995).  Overlying sediments 
are primarily fine-grained muds and sands of 1 to1.5 m thickness overlying Suwannee
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Limestone.  Within the creek beds, the sediments deposits are very thin, often with 
exposed bedrock; at least one spring was newly discovered in the course of this research 
flowing directly into Snipe Creek, a tidal inlet where my more intensive study was 
focused.  
 About 40 creek inlets were counted along the open marsh-gulf boundary between 
the two bounding rivers.  Fifteen creeks are short and truncate within the marsh, while 25 
creeks originate in the forest and likely capture a terrestrial DOC signal (Fig. 4).  One 
tidal inlet, Snipe Creek, is located approximately halfway between the Econfina and 
Aucilla Rivers (Fig. 3c; Fig. 5).  Snipe Creek originates in the forest and is 
approximately 2.9 km long with a drainage basin of approximately 2km2, based on data 
collected and analyzed with ArcGIS.  Salinity in the creek surface waters ranges from 12 
to 28 whereas salinity in marsh pore waters is typically 28 to 35 due to high 
evapotranspiration.  The tides in this region are mixed, semi-diurnal with a tidal range of 
approximately 0.5 to 1 meter.  The mean depth of most creeks is less than 1 m and many 
creeks consist of a series of tidal pools at low tide.  The marsh is dominated by Juncus 
roemerianus and Spartina alterniflora, while the seagrass flats offshore of the marsh are 
dominated by Syringodium filiforme and Halodule wrightii (Wood and Hine, 2007, Wang 
et al., in prep.).  The marsh is also characterized by multiple sandy tree islands, or 
hammocks, with stands of pines, palms, cedars, and shrubs.  These hammock islands in 
the middle of the marsh are supported by a freshwater source, either as an underlying 




Figure 2: A conceptual model of the marsh cross section is shown with the underlying 
Floridan Aquifer clastic sandy soils and organic matter, and vegetated transition 
across the marsh.  A slight increase in elevation of the marsh table from the creek 











Figure 3: A) Extent of the confined (gray) and unconfined (blue) portions of the Floridan 
Aquifer are shown for the southeastern U.S. with the field site location marked in 
the box; B) Taylor County, Florida, shown with climate stations and a 
groundwater well (closed circles) and the field site (red rectangle);  C) The marsh 




Figure 4: Conceptual model of the marsh with inputs and outputs of DOC shown in 
arrows, where tidal sloshing or terrestrially
groundwater-derived DOC (white arrows), and a mixture of tidal and 





-derived DOC (black arrows), 




Figure 5: Extent of Snipe Creek enlarged to show sampling stations along Snipe Creek 
(Xs), geographical features (closed circles), and well locations (solid lines).  
  
Materials and Methods 
Preparation 
Samples were collected in 500-mL Nalgene bottles rinsed in a series of one DI and 
two nanopure (18.1 MΩ ionic purity) water baths prior to use in the field.  All glassware 
utilized in the field and laboratory was washed in nanopure water, openings were covered 
with aluminum foil and baked in a muffle furnace at 500oC for at least 6 hours.  The 
glassware was subsequently stored with the aluminum foil covers until needed during 
sample processing.  Caps and Teflon® septa were cleaned in a bath of 10% sodium 
persulfate or 10% HCl solution, and rinsed with nanopure water before being stored in 
clean Ziploc bags until needed.  All filters used for filtering water (Whatman, binder-free, 
47 mm glass microfiber filters, 0.7 µM) were wrapped in aluminum foil and fired at 
500°C for at least 6 hours.  The filters were then stored in their aluminum wrappers until 
needed. 
Surface Water and Groundwater Sampling 
Field sampling trips were conducted October 17-25, 2011, February 5-9, 2012, April 
14-22, 2012, July 27-August 2, 2012, and November 8-13, 2012.  The timing of the 
sampling trips was planned to correspond primarily with the spring production and the 
fall senescence of plants.  Tidal creek DOC was sampled in alongshore transects at the 
marsh-gulf edge between and including the two bounding rivers (Table 2).  Ebb tides 
were sampled during all field trips, and one flood tide was also sampled in April for 
comparison.  Direction of the sampling transect for the tidal creek mouths typically
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proceeded from the Aucilla to the Econfina River, but this transect was reversed on the 
July and November 2012, sampling trips to assess bias in sampling.  Additional surface 
water samples were collected along the axis of Snipe Creek starting approximately 2.6 
km upstream, where Snipe Creek splits into two smaller branches around a tree island.  
The right branch truncates shortly after the split, but the left branch extends to the forest 
(Fig. 3c).  Ten stations were sampled along Snipe Creek from the upper reaches to the 
mouth on the ebb flow of the tide on 6 and 8 February, 16 April, 30 July, and 9 
November 2012 (Fig. 5).  All surface water samples were collected as hand grabs with 
clean, 500-mL amber Nalgene bottles after two rinses with surface water.  At each 
surface water station, latitude and longitude coordinates were noted, and a YSITM probe 
(Model 556) was used to measure salinity, conductivity, temperature, pH, and dissolved 
oxygen (DO) concentration.  At the creek mouths, the water depth and velocity were 
measured with a Sontek FlowTracker acoustic hand-held ADV® (acoustic Doppler 











Table 2: Sampling locations for creek inlets are provided as distance across the marsh-
gulf boundary from Aucilla River, latitude and longitude, and station number 
together with creek mouth widths.  Samples were collected on the following 
dates: 23 October 2011, 7 February 2012, 17 and 18 April 2012, 29 and 31 July 





Latitude Longitude Width (m) 
1 0 30° 5'15.98"N 83°59'30.04"W 293 
2 0.57 30° 5'11.57"N 83°59'9.33"W 217 
3 1.09 30° 4'56.92"N 83°58'59.55"W 150 
4 1.76 30° 4'35.25"N 83°59'2.17"W 174 
5 2.30 30° 4'32.48"N 83°58'42.78"W 109 
6 2.73 30° 4'24.61"N 83°58'29.87"W 86 
7* 3.02 30° 4'22.01"N 83°58'19.21"W 47 
8 3.19 30° 4'17.70"N 83°58'15.16"W 78 
9* 3.55 30° 4'11.38"N 83°58'3.75"W 132 
10 3.74 30° 4'5.52"N 83°58'1.78"W 85 
11 4.21 30° 3'59.00"N 83°57'45.45"W 78 
12 4.61 30° 3'53.36"N 83°57'31.96"W 104 
13* 5.00 30° 3'46.37"N 83°57'19.52"W 41 
14 5.23 30° 3'44.06"N 83°57'11.21"W 103 
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15 5.59 30° 3'34.38"N 83°57'4.09"W 76 
16* 5.74 30° 3'29.70"N 83°57'3.13"W 26 
17* 5.96 30° 3'22.95"N 83°56'59.41"W 21 
18 6.23 30° 3'22.21"N 83°56'49.52"W 69 
19 6.53 30° 3'17.29"N 83°56'39.49"W 113 
20* 6.69 30° 3'12.06"N 83°56'39.08"W 17 
21* 7.04 30° 3'6.51"N 83°56'27.81"W 224 
22 7.73 30° 2'52.49"N 83°56'7.75"W 116 
23 8.13 30° 2'45.62"N 83°55'54.85"W 252 
24 9.31 30° 2'18.96"N 83°55'22.86"W 107 
*Station 7 only sampled 29 July 2012; station 9 and 21 not sampled in November 2012, 
stations 13, 16, and 17 sampled 23 Oct 2012; station 20 not sampled in February, 












Two transects of shallow wells were installed in the marsh adjacent to and on the 
seaward side of a hammock about 2 km upstream on Snipe Creek (Fig. 5).  These wells 
were sampled in 20 October 2011 and 15 April 2012 (Table 3).  Groundwater was 
pumped using a peristaltic pump (GeoTech) into an overflow cup where a YSITM 556 
probe measured physico-chemical properties of the water (e.g., salinity, conductivity, pH, 
temperature DO, oxidation-reduction potential).  Well water was collected when 
conductivity and temperature stabilized, usually within 2 to 4 minutes.  A 0.45 micron, 
high capacity, in-line filter cartridge (GeoTech, #73050004) was connected to the tubing 
and samples were pumped into clean, labeled, 500-mL amber Nalgene bottles, after an 
initial rinse with well water.   
Porewater Sampling 
Marsh porewaters were sampled using a series of four diffusion samplers or 
“peepers” constructed of solid polymethyl methacrylate (Plexiglas®) (76x14x3 cm 
LxWxH) with 32 20-mL capacity ports routed at 2-cm intervals into one face (e.g., 
Hesslein, 1976).  Prior to installation, the peeper ports were filled with water that was 
boiled to degas the water, and a 0.4 micron polycarbonate membrane (GE Cat. No. 
K04CP81030) was gently placed over the peeper ports so that no air bubbles were 
trapped under the membrane.  A Plexiglas® faceplate was then screwed onto the peepers 
to hold the membrane in place.  The prepared peepers were installed in the marsh by 
pushing one end vertically into the marsh sediments.  At least 3 to 6 ports were exposed 
above the sediment surface, usually allowing 50 cm depth coverage in the porewater 
profile, and the port immediately nearest the sediment-water interface was noted for 
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future reference.  The peepers were then left in the marsh sediments for two weeks while 
the concentration of dissolved solutes in surrounding pore waters equilibrated with the 
peeper water through diffusion across the membrane.  After removing the peepers from 
the marsh, the water from the ports was collected via a needle and filtered via syringe 
filters (Whatman, 25 mm glass microfiber filters in polypropylene housing, 0.7 µM) into 
labeled vials for later DOC analysis.  The peepers were installed in October 2011 and 


















Table 3: Latitude, longitude, depth, installation date, and sampling dates of wells 
installed on the Econfina-Aucilla marsh are provided.  All wells were sampled on 
20 October 2011 and 15 April 2012, except where noted *.   
Well 
Name/Number 




Forest 1* 30°04.692'N 83°56.763'W 128 11/1/10 
Hammock Wells     
1 30°04.320'N 83°57.016'W 139 11/1/10 
2 30°04.309'N 83°57.013'W 144 11/1/10 
3 30°04.313'N 83°57.026'W 148 11/1/10 
4 30°04.315'N 83°57.018'W 141 11/2/10 
5 30°04.317'N 83°57.010'W 173 11/2/10 
6* 30°04.323'N 83°57.027'W 122.7 10/19/11 
7* 30°04.327'N 83°57.036'W 94.6 10/19/11 
8* 30°04.333'N 83°57.053'W 87.8 10/19/11 
* The forest well was only sampled 19 October 2011; wells 6, 7, and 8 were only 
sampled 15 Apr 2012.  
 
Table 4: Porewater diffusion-sampler (i.e. “peeper”) installation dates, recovery dates, 










    
10/7/2011 10/21/2011 2-3 30°04.320'N 83°57.056'W 
10/7/2011 10/21/2011 2-4 30°04.320'N 83°57.055'W 
10/7/2011 10/21/2011 7-2 30°04.322'N 83°57.053'W 
10/7/2011 10/21/2011 7-3 30°04.319'N 83°57.057'W 
Spring Bloom     
4/7/2012 4/20/2012 2-2 30°04.319'N 83°57.052'W 
4/7/2012 4/20/2012 2-3 30°04.319'N 83°57.054'W 
4/7/2012 4/20/2012 7-1 30°04.319'N 83°57.056'W 
4/7/2012 4/20/2012 7-2 30°04.319'N 83°57.050'W 
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Water Balance Analysis  
Groundwater discharge from the Floridan Aquifer into the Aucilla-Econfina salt 
marsh was estimated using a water budget calculation that accounted for all known 
sources and sinks of water within the marsh-tidal creek system.  The water budget was 
calculated based on the following inputs and outputs (e.g., Hyfield et al., 2008): 
0     	 
    –      Δ 
(1) 

   	 
 –     Δ  . . 
           (2) 
. .   √ 	  	   
           (3) 
where P is precipitation; RO is runoff; PET is evapotranspiration; p, ro, and pet are errors 
on their respective terms; ∆S is the change in storage, and T.E. is total error.  The residual 
in the water balance represents all net water sources and sinks unaccounted for in the 
budget, including groundwater.  If the total propagated error on the water balance is 
accounted for in the residual term, the remaining residual should be groundwater 
discharge to the salt marsh system.  Annual water balances were calculated for 2010, 
2011, and 2012, as well as monthly budgets for each sampling time (October 2011, 
February, April, July, and November 2012).  
Change in Storage 
The study site area (6.95 km2) was measured using WorldView2 satellite imagery.  
Change in storage (∆S ) represents the volume of water present within a given study area 
per unit time (e.g., Winter et al., 1980; Hyfield et al., 2008).  Typically, change in storage 
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is zero over an annual cycle and can be neglected for annual water budgets.  On time 
scales of less than a year, change in storage becomes important due to seasonal variations 
and storm events.  In coastal systems the additional contribution of tides can influence 
change in storage over short time intervals (i.e., days to weeks).  However, over time 
scales of at least a month or longer, net tidal flow is generally negligible and can be 
neglected in the budget.  For the instances in which a monthly water budget was 
calculated, change in storage was calculated by examining average daily water level from 
a Taylor County groundwater well (#S03070001; N30° 11’46”/W83° 40’11”; NGVD 
1929), owned by the Foley Timber and Land Company, and maintained by the Suwannee 
River Water Management District.  The well is located ~30km from the forest edge of the 
Econfina-Aucilla salt marsh and continuous water level data was available for 2010 
through 2012.  Monthly average water level, the change in water level between each 
month, and the annual average water level were calculated. The annual average of the 
change in water level for each year was subtracted from the monthly change in depth to 
determine the change in storage on a monthly basis (Tables A and B, Appendix).  
Change in storage is the anomaly between the annual average water level and each 
monthly water level.   
Precipitation (P) and Potential Evapotranspiration (PET) 
Daily precipitation and temperature data were downloaded from three stations in 
Taylor County, Florida: Perry, Perry-Foley Airport, and Sea Hag Marina (Southeastern 
Regional Climate Center) (Fig. 3b).  Daily precipitation was summed for each month and 
area-weighted for Taylor County using a Thiessen polygon approach for the three stations 
to obtain a total precipitation (P) for the county (e.g., Thiessen, 1911; Hyfield et al.  
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2008).  Potential evapotranspiration (PET) was calculated using Thornthwaite’s PET, 
from mean monthly temperature at each of the three climate stations and mean monthly 
daylight hours for the site latitude of N 30.85o (e.g., Thornthwaite, 1948).  PET was area-
weighted similarly to P to obtain a total PET for the county.  All P and PET values were 
then normalized to the area of the marsh (m3/month).  See Appendix Tables C, D and E 
for P and PET calculations.  
Runoff 
Runoff was calculated using the Runoff Curve Number (RCN) method as outlined 
by the Soil Conservation Service (1989).  In this budget, runoff is considered an input to 
the marsh system as it enters the marsh from the forest.  Therefore, the RCN was 
calculated utilizing land use, hydrologic conditions and hydrologic soil groups for the 
forest bounding the northern edge of the marsh.  Land use was determined based on 
treatment of the land.  Each land use type was then determined to be in poor, fair, or good 
hydrologic condition based on soil type and vegetation (Soil Conservation Service, 
1989).  Precipitation was used to calculate runoff curve number as detailed by the Soil 
Conservation Service (1989): 

    2.7  	 10.81 
          (4) 

    4.16  	 16.64 
          (5) 
where RO is runoff, P is precipitation.  Eq. 4 is utilized for years 2010 and 2012, 
determined to be good hydrologic condition years for the forest, while Eq. 5 is utilized 
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for 2011, determined to be a fair hydrologic condition year for the forest.  See Appendix 
Table H for RO data and calculation. 
Error estimation 
Analyzing the error associated with each component of the water budget is 
important to assessing the precision of the budget.  Monthly P and PET errors are 
estimated to be 20 and 10%, respectively, based on the number of climate stations in the 
region and the distance of the stations from the field site (e.g., Winter, 1980; Hyfield et 
al., 2008).  Error for RO is estimated to be 5% based on the well-known local conditions 
of the forest adjacent to the field site.  Each error is applied on a monthly basis, and the 
individual term (P, PET, RO) error is propagated to obtain annual total error for the 
budget.
   
Results 
Water Budget 
 Precipitation (P) and potential evapotranspiration (PET) are the principal drivers 
in the water balance in this subtropical climate.  Comparing the 2010-2012 climate data 
with the 1971-2001 30-year normals for precipitation and temperature, it is observed that 
2010 was an average climate year, 2011 was a dry year, and 2012 was a wet year.  While 
precipitation varied more widely over time, evapotranspiration remained fairly consistent 
between the 30-year normal and each of the three years in the study.  Total annual rainfall 
was 144 cm, 103 cm, and 162 cm in 2010, 2011, and 2012, respectively.  Less variability 
in temperature, and consequently potential evapotranspiration, was observed among the 
three water balance years (Fig. 6). 
 Runoff (RO) closely followed monthly precipitation trends, where 2010 (normal) 
and 2012 (wet) were good hydrologic conditions to promote runoff.  The 2011 drought 
yielded fair hydrologic conditions (Soil Conservation Service, 1989).  Change in storage, 
or the amount of water stored on the marsh, is assumed to be zero over a year, as any 
excess water input to the marsh is balanced by water being exported from the marsh.  
Therefore, the annual water balance does not take change in storage into account.  
However for the individual months where sampling in the marsh took place, change in 
storage (∆S) was accounted for by subtracting positive change in storage values from and 
adding negative ∆S to the water balance (Eq. 2; Table B, Appendix).  
The annual water balance residual, after accounting for total propagated error,
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represents the groundwater recharge/discharge in the Aucilla-Econfina tidal creek-marsh 
system.  For a positive residual in 2010 and 2012, groundwater is discharging to the 
marshes at a rate of 7.2 x 10-2 to 1.4 x 10-1 cm/day, while a negative residual in 2011 
indicates the water table was below the marsh level and the aquifer was being recharged 
from the surface at rates of -2.1 x 10-2 cm/day (Table 5).  For the five individual 
sampling months, groundwater discharge/recharge was more variable due to seasonal and 
climate differences.  Rates of groundwater discharge to the marsh were from 2.4 x 10-1 to 
3.0 x 10-1 cm/day, while recharge was as high as -3.2 x 10-1 cm/day in July 2012 during 






























Table 5: Results of the annual water budget calculations are given for the Econfina-
Aucilla marsh system utilizing precipitation (P), runoff (RO), potential 
evapotranspiration (PET) and their associated errors (p, ro, pet) to determine the 
residual amount of water left on the marsh for 2010, 2011, 2012.  
Budget Terms 2010 (normal) 2011 (dry) 2012 (wet) 
Inputs (m3/year) Budget Error Budget Error Budget Error 
-Precipitation  
(P, 20% ) 
9976 685 7351 494 11303 936 
-Runoff (RO, 5%) 1483 30 1470 11 2261 91 
Outputs (m3/year)       
-Evapotranspiration 
(PET, 10%) 
7421 267 7618 262 7608 254 
Total Error (TE) 
(m3/year) 
 2211  1731  2440 
Residual (P+RO-
ET-TE) 
      
m3/year 1827  -528  351  


























Table 6: Results of monthly water budget calculations are given for the Econfina-Aucilla marsh system utilizing precipitation (P), 
runoff (RO), potential evapotranspiration (PET) and their associated errors (p, ro, pet), as well as ∆S to determine the residual 
amount of water left on the marsh for October 2011, and February, April, July and November 2012.  
  Oct 2011 Feb 2012 Apr 2012 Jul 2012 Nov 2012 
 Budget Terms Budget Error Budget Error Budget Error Budget Error Budget Error 
Inputs 
(m3/month) 
          
Precipitation  
(P, 20%) 
345 69 318 64 198 40 1392 278 26 5 
Runoff (RO, 5%) 47 2 12 1 38 2 251 13 106 5 
  
          
Outputs 
(m3/month) 
          
Evapotranspiration 
(PET, 10%) 
454 45 216 22 566 57 1205 120 226 23 
  
          
Total Error (TE) 
(m3/month) 
 83  67  69  304  24 
  
          
∆S (m3/month) -6347  -7475  -6891  8272  4153  
  
          
Residual                
(P+RO-ET-
TE±∆S )  
          
m3/month 6203  7521  6491  -8137  -4271  




Figure 6: Monthly precipitation (
2011, 2012, and the 1971










P) and potential evapotranspiration (PET) for 2010, 
-2000 30-year normal data are shown with annual 




DOC in Surface Waters 
 In the months of February 2012, April 2012 and November 2012, dissolved 
organic carbon (DOC) concentrations generally increased from west to east across the 
marsh-gulf boundary in the creek mouths (Fig. 7).  This observation was apparent 
regardless of the timing of when creek mouths were sampled on the falling tide.  October 
2011 showed a slight trend with an increase in DOC concentration from west to east 
across the marsh, while July 2012 showed no such trends in DOC concentration.  The 
Econfina River clearly showed higher DOC concentrations (770 µM to 3380 µM) for all 
sampling events, while the Aucilla River was consistently lower in DOC (240 µM to 
1980 µM ).  Average DOC concentrations in the tidal inlets ranged from 420 to 1640µM.  
DOC concentrations within a single tidal creek in the marsh, Snipe Creek, also showed a 
clear trend of decreasing concentration with distance downstream (Fig. A, Appendix).   
DOC in Porewater and Seepage  
Average DOC concentration in all marsh wells was the highest of the pore water 
samples and ranged from 781 to 2947 µM (n= 13).  Creekbank seepage samples collected 
on outgoing tide as porewater drained from the marsh sediments represented a mixture of 
tidal recharge to marsh sediments and groundwater discharge.  This creekbank seepage 
had an average DOC concentration of 1150 ±7 38 µM (n= 12).  Samples collected from 
pore water peepers were variable with depth (Fig. 8 and 9), but demonstrated the overall 
lowest average DOC concentration of 840 ± 472 µM in October 2011, and 755 ± 44 µM 
in April 2012. 
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Figure 7: Ebb tide DOC concentrations are shown as a function of distance across the 













Figure 8: Porewater “peeper” depth profiles are shown with distance from the creek edge 





Figure 9: Porewater “peeper” depth profiles are shown with distance from the creek edge 
for April 2012. Peepers were placed 1 m apart starting ~2 m from the creekbank. 




The water balance was dominated by precipitation and potential 
evapotranspiration as the main sources and sinks in the salt marsh given that ∆S and the 
net tidal flow were negligible.  Numerous climate change studies have demonstrated that 
global temperatures are steadily increasing (e.g., Arnell, 1999; Smith et al., 2008; 
Rahmstorf, 2006; Moss et al., 2010), and the marshes may express this increase with 
higher PET.  Leakage from the Econfina and Aucilla Rivers into the edges of the marsh 
at high tide are not accounted for in the marsh water budget, but it is assumed that this 
leakage into the marsh would be confined to the edges of the study area.  Even at high 
tide these riverine inputs rarely exceed the elevation of the creekbanks and leakage is 
considered negligible in the budget analysis.  In addition, the low relief and karst terrain 
may influence greater groundwater flow to the marsh.  Groundwater is defined as 
freshwater that comes from an aquifer (Fetter, 2001).  However, submarine groundwater 
discharge has a broader definition to include any and all water coming from the 
sediments, whether fresh or saline (e.g., Burnett et al., 2003).  The expanded definition 
was designed to improve understanding of elemental budgets in coastal systems.  This 
broad definition of submarine groundwater flow often does not assess the new water 
added to a system by the terrestrial aquifer.  In this study, the residual of the water
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balance represents only fresh groundwater and does not account for tidal recharge into 
and out of the sediments.   
According to the water budget, groundwater flow is -2.1 x 10-2 to 1.4  x 10-1 
cm/day, where discharge, defined as a positive flow, occurred in 2010 and 2012, and 
saltwater intrusion or recharge, denoted as a negative flow, occurred in 2011.  On a 
monthly basis, groundwater flow ranged from 2.4 x 10-1 to 3.0 x 10-1 cm/day and 
occurred in October 2011, and in February and April 2012.  Saltwater intrusion or 
recharge occurred in July and November 2012, with recharge at -3.2 x 10-1 and -1.7 x 10-1 
cm/day respectively. These estimates are based on the assumption that the residual value 
is equivalent to the groundwater (Eq. 2), as well as salinity and conductivity from wells 
installed on the marsh.  These groundwater values are comparable to those found in the 
Breton Sound Estuary, LA (Hyfield et al., 2008), the Southern Everglades (Sutula et al., 
2001), and in the Northern Everglades (Choi and Harvey, 2000), where the water budgets 
indicated a cumulative discharge of 1.1 to 2.0 (x 10-3) cm/d, 1.3 x 10-1 cm/day, and 9.0 x 
10-2 cm/day, respectively.  Studies quantifying groundwater discharge utilizing radon 
measurements and seepage meters yield higher estimates and are generally reported as 
measuring the total SGD, which includes tidal pumping or other marine sources of fluids 
(Table 7).  For example, two studies in sandy coastal sediments south of Tallahassee, 
Florida, found SGD rates about 1 to 11 cm/day (e.g., Cable et al., 1996; Santos et al., 
2008).  Likewise, seepage meter measurements in sandy sediments on the east coast of 




Table 7: Comparisons of groundwater discharge from Florida and the Gulf of Mexico 




Econfina Salt Marsh 
System, FL 
0.072 to 0.14  Water Budget This study 
Southern Everglades, 
FL 
0.13  Water Budget Sutula et al., 2001 
Breton Sound 
Estuary, LA 




0.090  Water budget, 
mass balance 
Choi and Harvey, 
2000 
Indian River 
Lagoon, FL  
1.5 to 14.3 Seepage meters, 
[Cl-] 
Martin et al., 2007 
Northeastern Gulf of 
Mexico, FL 
1.4 to 11.5 222Rn Cable et al., 1996 
Northeastern Gulf of 
Mexico, FL 
11 222Rn Santos et al., 2008 
 
Estimating the DOC Export from the Salt Marsh  
Seasonality and associated precipitation undoubtedly played a role in the 
difference between inlet discharges between sampling periods and across the marsh.  
Marsh drainage area and channel size also played a role in these differences between inlet 
discharges.  Most creek mouths along the marsh from the Aucilla to the Econfina Rivers 
are less than 100 meters wide and seven of these inlets were sampled only once in this 
study (Fig. 10).  Most smaller inlets were difficult to identify in the field, despite their 
obvious presence in aerial images.  About 18% of creek mouths along this marsh-gulf 
boundary were greater than 100 m wide and all of these inlets were sampled.  Some of 
the inlets sampled extended to the tree line of the forest and drained larger watersheds 
than smaller inlets. These longer inlets are able to export a greater amount of water, and 
hence DOC, to the coastal ocean.  Differences in DOC export from each tidal inlet 
sampled, as seen in Figure 7, may be explained by these variations in inlet discharge 
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capability.  Cross-sectional area of each creek mouth was estimated from depth and 
width, adjusted for channel geometry, and multiplied by velocity to calculate inlet 
discharge (Eq. 6):   
 
    '()*+,  -./01234056 78 9 0 : 
           (6) 
where Qinlet is discharge of each individual tidal inlet (m3/s), W is width of the inlet (m), z 
is the depth of the inlet (m) for each sampling event, and V is measured velocity of the 
water flowing through the mouth at the time of sampling (m/s).   
Higher DOC concentrations were measured in the waters coming from the side of 
the marsh closest to the Econfina River (Table 8; Fig. 7).  DOC in the Econfina River is 
higher overall than in the Aucilla River, with averages across all five sampling trips of 
1525 ± 1120 µM and 930 ± 740 µM, respectively.  The Econfina River is a terrestrial 
runoff dominated river, while the Aucilla/Wacissa Rivers are artesian spring-fed rivers, 
and this difference in source waters could account for the differences in both DOC 





Figure 10: Analysis of hydraulic radius of each tidal inlet revealed: A) frequency of 
occurrences for each inlet width and: B) the cumulative number of inlets per 
marsh width for all inlets (open circles) and those inlets sampled in this study 




Figure 11: Ebb tide vs. flood tide DOC concentrations are given as a function of distance 
across the marsh-gulf boundary from the Aucilla River for April 2012
incoming and outgoing carbon
 
Figure 12: Conceptual model of a creekbank
high tide.  At high tide, tidal recharge into the creek bank is large and 
groundwater seepage will be suppressed.
outgoing tide.  
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Figure 13: Monthly precipitation is shown with riverine discharge from the Econfina and 
















-2012 to demonstrate the response of river flow to 
 
  46
Table 8: Discharge, DOC concentration, and DOC flux per tidal cycle and per year are 
shown for each sampling date of the Econfina and Aucilla Rivers and the total 
values for tidal inlets at the marsh-gulf boundary, except for [DOC] in inlets, 
which is displayed as an average across all inlets. 




Econfina River  
23 Oct 2011 2 889 0.006  1 
7 Feb 
2012 
16 775 0.04 7 
17 Apr Ebb 
2012 
32 771 0.08  14 
18 Apr Flood 
2012 
39 727 0.09  16 
29 Jul 2012 63 3377 0.66 121 
11 Nov 2012 44 1809 
 
0.25 45 
Aucilla River  
23 Oct 2011 11 603 0.02  4 
7 Feb 2012 131 240 0.10  18 
17 Apr Ebb 
2012 
30 425 0.04 7 
18 Apr Flood 
2012 
54 527 0.09 16 
29 Jul 2012 183 1980 1.2 205 
11 Nov 2012 25 1415 0.11  20 
Total Inlet  
23 Oct 2011 1967 603 3.1 570 
7 Feb 2012 205 423 0.2 42 
17 Apr Ebb 
2012 
204 603 0.4  72 
18 Apr Flood 
2012 
356 810 0.9 165 
29 Jul 2012 344 1301 1.4 253 







Salt marshes have long been recognized as highly productive coastal ecosystems 
that play a crucial role in the global carbon cycle.  High primary productivity, supported 
by organic-rich soils, combined with slow organic matter decomposition causes marshes 
to accumulate large amounts of organic carbon (Rabenhorst, 1995).  This organic carbon 
is regularly inundated by tidal waters, which travel in and out of tidal creeks on a diurnal 
to semi-diurnal basis.  As these waters enter the creek system, marsh sediments become 
inundated and buried carbon is entrained in the overland flow or creek bank seepage. 
Tidal recharge effectively recirculates marine tidal water through the creek bank 
sediments where a fraction of previously stored organic carbon will be exported with the 
seepage back to the tidal channel.  Tidal recharge can decrease hydraulic head within the 
water table and suppress groundwater flow on the high tide (Fig. 12).  Groundwater from 
coastal aquifers also flushes through the marsh sediments and can release organic carbon 
from sediments as well as deliver some aquifer-derived carbon to tidal creeks.  This 
groundwater flushing is greatest during low tide due to the steep hydraulic gradient 
present in the water table.  The combined tidal recharge and groundwater flow comprises 
the total submarine discharge.  
 DOC export from the Aucilla-Econfina salt marsh via tidal inlets was estimated 
by integrating DOC export from each tidal inlet along the 9-km distance between the two 
bounding rivers (Eq. 7): 
;+<=>?,   ∑  AB( 0 '()(CD E  
          (7) 
where Jexport is the total DOC export from the salt marsh system (mol/m2/tidal cycle); 
[DOC] is the concentration of dissolved organic carbon for each tidal creek (µM); i is the 
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individual tidal creek for n km from the Aucilla River; Q is inlet discharge (m3/s); and A 
is the total area of the marsh study site (6.95 km2).  Jexport was calculated per tidal cycle 
for semi-diurnal tides (~6 hours) and annually based on two ebb tides per day. Jexport does 
not include the export from the bounding rivers, Aucilla and Econfina, since these 
channels drain a watershed much larger than the salt marsh area studied here.  
DOC export flux from the marsh per tidal cycle and per year was greatest around 
the center of the marsh at Snipe Creek.  The range in DOC fluxes across the marsh-gulf 
boundary was 0.032 to 205 molC/m2/year for the study period October 2011 to 
November 2012.  Variations in precipitation, tidal creek networks, and seasonality of 
plant growth influenced the DOC measured in these tidal inlets during each sampling trip.  
Discharge from marsh inlets controlled the Jexport flux observed in 2011 and 2012.  
Discharge and DOC fluxes for the Aucilla and Econfina Rivers are presented with the 
total inlet discharge and DOC flux for the time periods sampled (Table 8 and Fig. 19).  
DOC export flux from the marsh per tidal cycle and per year was greatest around the 
center of the marsh at Snipe Creek. Monthly DOC export was 0.8 to 5.0 mol/m2/year in 
February and fluxes generally increased toward the Econfina River, which is consistent 
with the trend of higher DOC in surface waters in the terrestrial runoff dominated 
Econfina River.  
April 2012, ebb tide showed a small increase in DOC flux at the center of the 
marsh (e.g., near Snipe Creek), and approaching the Econfina River.  The sign 
convention used in Fig. 16 is used to demonstrate movement of water and DOC in and 
out of the marsh in April.  Flood tide fluxes ranging from 3.0 to 18.6 molC/m2/year were 
overall higher than those calculated for the ebb tide, which ranged from 1.6 to 15.8 
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mol/m2/year.  In fact, the average flood tide flux is twice as large as the ebb tide flux and 
indicates that for the month of April 2012, more DOC is being transported into the marsh 
than is exported out via surface waters.  April represents the beginning of the growing 
season for marsh plants in the Big Bend region of Florida, both in the marsh and in 
shallow shelf waters and seagrass beds adjacent to the marsh.  The greater flood tide 
fluxes of DOC could be attributed to the sudden increase in primary production that 
accompanies new plant material production in the seagrass beds, or it could be an artifact 
of seasonal Econfina River water entrainment into the incoming tide (Fig. 4).  
Jexport of DOC in July 2012, (Fig. 17) were unlike those of previous months in that 
the ebb tide flux showed a decrease at the center of the marsh (e.g. near Snipe Creek), 
and increases near both the Econfina and Aucilla Rivers, with [DOC] for this month an 
order of magnitude larger than was seen in previous sampling months.  [DOC] was 
higher in the mouths of inlets toward the center of the marsh, and was lower towards both 
the Econfina and the Aucilla Rivers, while previous months’ sampling showed a general 
increasing trend of [DOC] across the marsh-gulf boundary toward the Econfina River.  
This change in trend may be attributed to the higher than average rainfall that occurred in 
June (Fig. 6; Fig 13).  The drought in the first half of 2012 consequently may have 
promoted more carbon accumulation within the marsh prior to the June/July rain events 
and this stored carbon may have been released with the flush of mid-summer 
precipitation.  DOC concentrations in the inlets may spike during and after initial 
flooding stages following heavy rainfall, but then stabilize during or after the flood.  
Dissolved organic matter (DOM) is retained in soils following leaching from vegetation 
or debris (Huang and Chen, 2009).  Only during periods of high flow, like those that 
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accompany heavy precipitation, is the DOM flushed from sediments (Huang and Chen, 
2009).  The sudden flux of DOC to the inlets observed during July 2012 may be due to 
the solubilization of built up DOC in soils as it is leached with a sudden flush of water.  
After the initial flush of solubilized DOC, concentrations may decrease due to dilution 
(Cauwet, 2002).  Additionally, as previously discussed, differences in inlet discharge 
based on inlet width, length and drainage area may also have influenced the trend in DOC 
flux for the month of July. 
November 2012 DOC concentrations in tidal inlets were high (1640 ± 216 µM; 
n= 16) and correspond to the plant senescence phase in the marsh (Fig. 18).  Jexport in 
November ranged from 0.4 to 92 molC/m2/year, perhaps due to a combination of plant 
senescence and precipitation.  Precipitation in the months prior to this sampling trip was 
not especially high, however the sample collection coincided with the end-of-season 
marsh, when decaying organic matter is high and more labile (Blum, 1993).  Seasonality 
may have caused greater concentrations of DOC to leach into soils due to an 
accumulation of vegetative debris.  The low amount of precipitation seen in November 
2012 could have also contributed to the buildup of organic matter in the sediments, as 
detailed by Huang and Chen (2009).  The precipitation that did occur during November 
2012 served to flush the excess DOC out of the sediments, into the tidal creeks, thus 
accounting for overall high DOC concentrations in inlet mouths.  DOC fluxes from the 
marsh creek inlets near the Aucilla River to the mouth of Snipe Creek were fairly 
consistent, with an average of 7.8 molC/m2/year.  Near the Econfina River mouth inlet 
fluxes spiked to as high as 92 molC/m2/year, a trend consistent with those seen in 
October 2011, February and April 2012.     
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Figure 14: Discharge, DOC concentration and DOC export per tidal cycle and per year 
are shown as a function of distance across the marsh-gulf boundary from the 




Figure 15: Discharge, DOC concentration and DOC export per tidal cycle and per year 
are shown as a function of distance across the marsh-gulf boundary from the 




Figure 16: Discharge, DOC concentration and DOC export per tidal cycle and per year 
are shown as a function of distance across the marsh-gulf boundary from the 




Figure 17: Discharge, DOC concentration and DOC export per tidal cycle and per year 
are shown as a function of distance across the marsh-gulf boundary from the 
Aucilla to Econfina Rivers for July 2012.  
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Figure 18: Discharge, DOC concentration and DOC export per tidal cycle and per year 
are shown as a function of distance across the marsh-gulf boundary from the 




Figure 19: Discharge, DOC concentration and DOC flux  per tidal cycle and per year for 









Groundwater Carbon Flux and its Implications 
 The total DOC exported from the marsh system by groundwater, (Jgw-DOC) was 
estimated from the water balance residual and the average DOC concentration found in 
porewater samples from the marsh wells, porewater diffusion samplers, and creekbank 
seepage (1160 µM; n=154; Eq. 8):  
;FGHIJK  LM 0 AB=GE  
           (8) 
where GW is the groundwater discharge/recharge for each sampling event (m3/month); 
[DOC]pw is the average DOC concentration in all porewater samples (1160 µM; n=154); 
and A is the surface area of the marsh (6.95 km2).  Jgw-DOC represents the fresh 
groundwater-derived DOC exported from the marsh system, assuming carbon is not 
remineralized before discharging from the creek bank (Table 9).  Pore waters from 
peepers and creek bank seepage are more likely representative of the actual export 
concentrations due to tidal recharge to marsh sediments, given their proximity to the 
creek and likelihood of tidal inundation.  While pore waters from these sources may 
experience fresh groundwater discharge, it is not possible to decipher which DOC 
component of the water collected was fresh groundwater and which was saltwater 
recharge.  The interaction of saltwater recharge and fresh groundwater has the potential to 
affect Jgw-DOC.  When tide is high, suppression of groundwater flow also leads to a 
decrease in the DOC export driven by groundwater (Fig. 12).  During low tide, the 
hydraulic gradient becomes steeper and groundwater flows out of the sediments more 
quickly, carrying DOC and enhancing DOC export due to groundwater flow.  
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 This study and reviews of similar studies in coastal zones demonstrate that 
groundwater-derived DOC can be a significant export to the coastal ocean.  
Groundwater-derived DOC export ranged from 1.04 to 1.26 molC/m2/month in the 
Econfina-Aucilla marsh, while recharge into the aquifer, denoted by a negative number, 
ranged from 0.71 to 1.36 molC/m2/year (Table 9).  The submarine discharge accounts for 
2.2 to 34% of total DOC export from the inlets in the marsh system.  In July and 
November 2012, where submarine recharge accounts for 3.4 and 6.0% of total DOC 
retention in the salt marsh, the aquifer is experiencing recharge.  DOC exports in this salt 
marsh study (33.4 to 48.3 mmol/m2/day) is higher but on the same order of magnitude to 
those found by Santos et al. (2008), 18.9 to 26.9 mmol/m2/day, at a sandy coastal bay in 
the Northeastern Gulf of Mexico.  Two other marsh systems, the Duplin River watershed 
on Sapelo Island, GA, and the Swartkops estuary in South Africa, also exported DOC at a 
comparable flux to this study (150 to 180 gC/m2/year), at 108 and 103 gC/m2/year, 
respectively (Chalmers et al., 1985; Winter et al., 1996).  DOC exports from mangrove 
swamps in Rookery Bay, FL, were an order of magnitude lower than the estimate from 
this study, representing the lowest amount of DOC exported to the coastal ocean 
(Twilley, 1985).  These low values could be due the study examining a basin mangrove 
forest.  This location, in a geologically depressed region, on the coast of a sheltered bay, 
may not experience regular tidal flushing, and thus may be limited in its vector for 
transport of DOC out of the system.  Alternatively, the highest estimates of DOC export 
come from marshes in SC (Table 10).  Dame et al. (1986) attributed their high DOC 
export term to carbon leaching from sediments and possible influence by freshwater 
runoff from surrounding areas.  In Okatee, SC, Moore et al. (2006) utilized a combination 
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of radium isotopes and models to estimate total groundwater discharge from the Okatee 
estuary.  Similar to my study, they multiplied the porewater DOC concentrations 
collected from wells by the total calculated discharge of groundwater from the estuary to 
obtain a flux of groundwater-derived DOC. Moore et al. (2006) found that groundwater 
was exiting the system at 1 m3/s, a rate seven orders of magnitude larger than the 
groundwater flux found in the Econfina salt marsh study.  Undoubtedly, this high 
submarine groundwater discharge influences the total flux of groundwater from the 
system, and subsequently the estimate of 745 gC/m2/year flux from the Okatee marsh via 
groundwater. 
Duarte et al., (2005) estimates that the net ecosystem production (NEP) within 
coastal systems is 1585 gC/m2/year.  Chmura et al. (2003) estimated that 210 gC/m2/year 
is buried in the world's salt marshes. By subtracting the global carbon burial rate from the 
global NEP from, approximately 1300 gC/m2/year is exported from global salt marshes.  
This estimate is conservative because it is assumed that all carbon buried in salt marshes 
is autochthonous.  If the export predictions found in this study are scaled to the estimate 
of total global area of salt marshes of 200 - 400,000 km2 (Hopkinson et al., 2012), then 
6.0 to 29 TgC/year is exported from the world’s salt marshes via groundwater.  The 
measured DOC export from this Florida salt marsh indicates current global estimates of 
carbon export from salt marshes could be off by 3 to 4 times the actual flux.  
Groundwater makes up between 3 and 50 percent of the total global marsh export of 







Table 9: Total groundwater-derived DOC is estimated for each sampling event from the water balance and marsh Jexport estimates.  
DOC concentration used to calculate groundwater-derived carbon is an average of porewater samples across the marsh with 
[DOC]pw= 1160 µM (n=154.) 
  Oct 2011 Feb 2012 Apr 2012 Jul 2012 Nov 2012 
  
Budget Error Budget Error Budget Error Budget Error Budget Error 
Inputs (m3/month)           
Precipitation  
(P, 20%) 
345 69 318 64 198 40 1392 278 26 5 
Runoff (RO, 5%) 47 2 12 1 38 2 251 13 106 5 
  
          
Outputs (m3/month)           
Evapotranspiration (PET, 
10%) 
454 45 216 22 566 57 1205 120 226 23 
  
          
Total Error (m3/month)  83  67  69  304  24 
  
          
∆S (m3/month) -6347  -7475  -6891  8272  4153  
  
          
Residual                (P+RO-
ET-TE±∆S )  
          
m3/month 6203  7521  6491  -8137  -4271  
cm/day 2.4x10-1  3.0x10-1  2.6x10-1  -3.2x10-1  -1.7x10-1  
            
GWDOC Export 
(mol/m2/month) 
1.04  1.26  1.08  -1.36  -0.71  
            
Marsh DOC Export 
(mol/m2/month) 





            
% of GW-Derived DOC 
Export  
2.2  34  18  -6  -3.4  
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Table 10: Comparisons of DOC fluxes from a range of studies in coastal systems.   
Location Flux (gC/m2/year) Reference 
Rookery Bay, Everglades, 
FL 
48 Twilley, 1985 
Duplin River Watershed, 
Sapelo Island, GA 
108 Chalmers et al., 1985 
North Inlet salt marsh, SC 328 Dame et al., 1986 
Swartkops Estuary, South 
Africa 
103 Winter et al., 1996 
North Inlet salt marsh, SC 219 Goñi and Gardner, 2003 
Okatee River Estuary, SC 745 Moore et al., 2006 
Apalachee Bay, Gulf of 
Mexico, FL 
83 to 118 Santos et al., 2009 
Econfina Salt Marsh, Gulf 
of Mexico, FL 
150 to 180  This study 
  
Conclusions 
 Despite their proficiency in sequestering carbon, wetland carbon burial rates have 
been rapidly declining over the 20th and 21st centuries due to anthropogenic influences 
such as dredging, filling, eutrophication, and urban development (Hopkinson et al., 
2012).  Largely due to an expanding coastal population, these tenuous coastal ecosystems 
are being lost at a rate of 0.7 to 7% every year (Hopkinson et al., 2012) by conversion to 
other ecosystem types and habitats with much smaller carbon sequestration potentials.  It 
has been projected that the worldwide coastal population will be between 1.8 and 5.2 
billion before the 22nd century (McLeod et al., 2011).  The development that comes with 
a growing coastal population not only releases anthropogenic pollutants to coastal 
habitats but also fundamentally alters the landscape in these areas.  Destruction of 
marshes through land use changes has had the most devastating effects on marsh carbon 
sequestration potential (Bridgham et al.  2006), as anthropogenic development can 
change marshes from being a net sink to a net source of carbon (McLeod et al., 2011).   
In the past two decades, indirect anthropogenic effects in the form of rising global 
temperatures and accelerating sea level rise have also begun to threaten marsh area and 
carbon sequestration rates (Hopkinson et al., 2012).  Based on future global warming 
scenarios projected by the Intergovernmental Panel on Climate Change, sea level is 
expected to rise by 0.5 to 1.4 meters by the year 2080 (Rahmstorf, 2006). Marshes and 
subterranean estuaries are highly vulnerable to sea level rise (e.g., Shennan, 1993; 
Barlow, 2003; Chmura et al., 2003; Laffoley and Grimsditch, 2009; Werner and
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Simmons, 2009).  Despite the many studies that have examined the sources and sinks of 
carbon as it moves from the terrestrial landscape through coastal wetlands to the ocean, 
many uncertainties still exist, especially regarding the contribution of groundwater to 
carbon export.  As these ecosystems continue to be modified, this uncertainty grows.  
 This study showed that groundwater discharge to the Econfina-Aucilla marsh 
system was 7.2 x 10-2 to 1.4 x 10-1 cm/day using a regional water budget.  In addition, the 
total export of DOC from the salt marsh system was 100 molC/m2/month and these fluxes 
are attributed to seasonal effects of both plant growth phase and precipitation-driven 
flushing.  Taking the groundwater DOC export fraction as a percent of total DOC export, 
I found that 2.2 to 34 % of groundwater-derived DOC was exported from this Florida salt 
marsh.  Based on the results of the water budget and DOC flux calculations from marsh 
surface water and groundwater, it can be said that the Econfina-Aucilla marsh exports a 
significant fraction of DOC to coastal waters via groundwater.  If this study is indicative 
of the behavior of salt marshes and their underlying aquifers worldwide, then 
groundwater-derived DOC flux is a non-negligible component of the global carbon cycle.  
This integral process of marsh biogeochemical cycling is poorly understood globally but 
its importance is expected to change as sea level rises.  Quantifying groundwater-derived 
DOC flux is crucial to understanding both how salt marshes respond to global climate 






Table A: Daily water level used to calculate change in storage from well S03070001 at 
N30° 11’46”/W83° 40’11”, maintained by the Suwannee River Management 



















01/01/2010 40.09 12.219 01/01/2011 38.537 11.746 01/01/2012 36.094 11.001 
01/02/2010 40.09 12.219 01/02/2011 38.85 11.841 01/02/2012 36.105 11.005 
01/03/2010 40.09 12.219 01/03/2011 39.391 12.006 01/03/2012 36.116 11.008 
01/04/2010 40.09 12.219 01/04/2011 39.697 12.100 01/04/2012 36.127 11.012 
01/05/2010 40.09 12.219 01/05/2011 39.913 12.165 01/05/2012 36.138 11.015 
01/06/2010 40.09 12.219 01/06/2011 40.26 12.271 01/06/2012 36.149 11.018 
01/07/2010 40.09 12.219 01/07/2011 40.385 12.309 01/07/2012 36.16 11.022 
01/08/2010 40.09 12.219 01/08/2011 40.436 12.325 01/08/2012 36.171 11.025 
01/09/2010 40.09 12.219 01/09/2011 40.362 12.302 01/09/2012 36.182 11.028 
01/10/2010 40.09 12.219 01/10/2011 40.461 12.333 01/10/2012 36.193 11.032 
01/11/2010 40.09 12.219 01/11/2011 40.476 12.337 01/11/2012 36.204 11.035 
01/12/2010 40.09 12.219 01/12/2011 40.453 12.330 01/12/2012 36.214 11.038 
01/13/2010 40.09 12.219 01/13/2011 40.448 12.329 01/13/2012 36.225 11.041 
01/14/2010 40.09 12.219 01/14/2011 40.457 12.331 01/14/2012 36.236 11.045 
01/15/2010 40.09 12.219 01/15/2011 40.455 12.331 01/15/2012 36.247 11.048 
01/16/2010 40.09 12.219 01/16/2011 40.431 12.323 01/16/2012 36.258 11.051 
01/17/2010 40.09 12.219 01/17/2011 40.515 12.349 01/17/2012 36.269 11.055 
01/18/2010 40.09 12.219 01/18/2011 40.686 12.401 01/18/2012 36.28 11.058 
01/19/2010 40.09 12.219 01/19/2011 40.756 12.422 01/19/2012 36.291 11.061 
01/20/2010 40.09 12.219 01/20/2011 40.783 12.431 01/20/2012 36.302 11.065 
01/21/2010 40.09 12.219 01/21/2011 40.836 12.447 01/21/2012 36.313 11.068 
01/22/2010 40.09 12.219 01/22/2011 40.769 12.426 01/22/2012 36.324 11.072 
01/23/2010 40.09 12.219 01/23/2011 40.674 12.397 01/23/2012 36.335 11.075 
01/24/2010 40.09 12.219 01/24/2011 40.657 12.392 01/24/2012 36.346 11.078 
01/25/2010 41.599 12.679 01/25/2011 40.972 12.488 01/25/2012 36.357 11.082 
01/26/2010 44.318 13.508 01/26/2011 41.843 12.754 01/26/2012 36.368 11.085 
01/27/2010 44.263 13.491 01/27/2011 41.91 12.774 01/27/2012 36.379 11.088 
01/28/2010 44.252 13.488 01/28/2011 41.908 12.774 01/28/2012 36.39 11.092 
01/29/2010 44.233 13.482 01/29/2011 41.831 12.750 01/29/2012 36.401 11.095 
01/30/2010 44.336 13.514 01/30/2011 41.791 12.738 01/30/2012 36.412 11.098 






















02/01/2010 44.208 13.475 02/01/2011 41.773 12.732 02/01/2012 36.434 11.105 
02/02/2010 44.197 13.471 02/02/2011 41.715 12.715 02/02/2012 36.445 11.108 
02/03/2010 44.186 13.468 02/03/2011 41.63 12.689 02/03/2012 36.456 11.112 
02/04/2010 44.175 13.465 02/04/2011 41.674 12.702 02/04/2012 36.467 11.115 
02/05/2010 44.219 13.478 02/05/2011 42.017 12.807 02/05/2012 36.478 11.118 
02/06/2010 44.168 13.462 02/06/2011 42.152 12.848 02/06/2012 36.473 11.117 
02/07/2010 44.141 13.454 02/07/2011 42.418 12.929 02/07/2012 36.433 11.105 
02/08/2010 44.13 13.451 02/08/2011 42.65 13.000 02/08/2012 36.42 11.101 
02/09/2010 44.123 13.449 02/09/2011 42.571 12.976 02/09/2012 36.395 11.093 
02/10/2010 44.108 13.444 02/10/2011 43.274 13.190 02/10/2012 36.415 11.099 
02/11/2010 44.097 13.441 02/11/2011 43.353 13.214 02/11/2012 36.391 11.092 
02/12/2010 44.264 13.492 02/12/2011 43.117 13.142 02/12/2012 36.319 11.070 
02/13/2010 44.254 13.489 02/13/2011 43.011 13.110 02/13/2012 36.346 11.078 
02/14/2010 44.087 13.438 02/14/2011 42.93 13.085 02/14/2012 36.364 11.084 
02/15/2010 44.06 13.429 02/15/2011 42.838 13.057 02/15/2012 36.318 11.070 
02/16/2010 44.032 13.421 02/16/2011 42.772 13.037 02/16/2012 36.318 11.070 
02/17/2010 44.02 13.417 02/17/2011 42.724 13.022 02/17/2012 36.319 11.070 
02/18/2010 43.99 13.408 02/18/2011 42.656 13.002 02/18/2012 36.326 11.072 
02/19/2010 43.909 13.383 02/19/2011 42.612 12.988 02/19/2012 36.333 11.074 
02/20/2010 43.854 13.367 02/20/2011 42.557 12.971 02/20/2012 36.237 11.045 
02/21/2010 43.814 13.355 02/21/2011 42.538 12.966 02/21/2012 36.236 11.045 
02/22/2010 44.096 13.440 02/22/2011 42.46 12.942 02/22/2012 36.279 11.058 
02/23/2010 44.196 13.471 02/23/2011 42.368 12.914 02/23/2012 36.281 11.058 
02/24/2010 44.033 13.421 02/24/2011 42.373 12.915 02/24/2012 36.247 11.048 
02/25/2010 43.927 13.389 02/25/2011 42.395 12.922 02/25/2012 36.173 11.026 
02/26/2010 43.86 13.369 02/26/2011 42.347 12.907 02/26/2012 36.167 11.024 
02/27/2010 43.816 13.355 02/27/2011 42.317 12.898 02/27/2012 36.186 11.029 
02/28/2010 43.714 13.324 02/28/2011 42.278 12.886 02/28/2012 36.21 11.037 






















03/01/2010 43.682 13.314 03/01/2011 42.206 12.864 03/01/2012 36.285 11.060 
03/02/2010 44.164 13.461 03/02/2011 42.154 12.849 03/02/2012 36.299 11.064 
03/03/2010 44.031 13.421 03/03/2011 42.102 12.833 03/03/2012 36.343 11.077 
03/04/2010 43.86 13.369 03/04/2011 42.055 12.818 03/04/2012 36.582 11.150 
03/05/2010 43.761 13.338 03/05/2011 42.041 12.814 03/05/2012 36.865 11.236 
03/06/2010 43.68 13.314 03/06/2011 42.168 12.853 03/06/2012 37.03 11.287 
03/07/2010 43.627 13.298 03/07/2011 42.152 12.848 03/07/2012 37.179 11.332 
03/08/2010 43.616 13.294 03/08/2011 42.042 12.814 03/08/2012 37.305 11.371 
03/09/2010 43.604 13.290 03/09/2011 42.124 12.839 03/09/2012 37.387 11.396 
03/10/2010 43.574 13.281 03/10/2011 43.467 13.249 03/10/2012 37.426 11.407 
03/11/2010 44.281 13.497 03/11/2011 43.303 13.199 03/11/2012 37.468 11.420 
03/12/2010 44.569 13.585 03/12/2011 43.097 13.136 03/12/2012 37.523 11.437 
03/13/2010 44.42 13.539 03/13/2011 42.958 13.094 03/13/2012 37.56 11.448 
03/14/2010 44.275 13.495 03/14/2011 42.85 13.061 03/14/2012 37.579 11.454 
03/15/2010 44.169 13.463 03/15/2011 42.747 13.029 03/15/2012 37.583 11.455 
03/16/2010 44.079 13.435 03/16/2011 42.636 12.995 03/16/2012 37.585 11.456 
03/17/2010 44.144 13.455 03/17/2011 42.53 12.963 03/17/2012 37.579 11.454 
03/18/2010 44.234 13.483 03/18/2011 42.452 12.939 03/18/2012 37.561 11.449 
03/19/2010 44.069 13.432 03/19/2011 42.357 12.910 03/19/2012 37.555 11.447 
03/20/2010 43.961 13.399 03/20/2011 42.253 12.879 03/20/2012 37.531 11.439 
03/21/2010 44.114 13.446 03/21/2011 42.178 12.856 03/21/2012 37.481 11.424 
03/22/2010 44.047 13.426 03/22/2011 42.161 12.851 03/22/2012 37.438 11.411 
03/23/2010 43.894 13.379 03/23/2011 42.116 12.837 03/23/2012 37.411 11.403 
03/24/2010 43.82 13.356 03/24/2011 42.005 12.803 03/24/2012 37.409 11.402 
03/25/2010 43.912 13.384 03/25/2011 41.918 12.777 03/25/2012 37.381 11.394 
03/26/2010 44.149 13.457 03/26/2011 41.89 12.768 03/26/2012 37.318 11.375 
03/27/2010 43.924 13.388 03/27/2011 41.809 12.743 03/27/2012 37.241 11.351 
03/28/2010 43.904 13.382 03/28/2011 41.783 12.735 03/28/2012 37.204 11.340 
03/29/2010 43.987 13.407 03/29/2011 41.791 12.738 03/29/2012 37.188 11.335 
03/30/2010 43.78 13.344 03/30/2011 42.592 12.982 03/30/2012 37.13 11.317 






















04/01/2010 43.62 13.295 04/01/2011 43.472 13.250 04/01/2012 37.185 11.334 
04/02/2010 43.556 13.276 04/02/2011 43.254 13.184 04/02/2012 37.221 11.345 
04/03/2010 43.485 13.254 04/03/2011 43.078 13.130 04/03/2012 37.213 11.343 
04/04/2010 43.417 13.234 04/04/2011 42.984 13.102 04/04/2012 37.232 11.348 
04/05/2010 43.364 13.217 04/05/2011 43.194 13.166 04/05/2012 37.236 11.350 
04/06/2010 43.334 13.208 04/06/2011 43.059 13.124 04/06/2012 37.174 11.331 
04/07/2010 43.29 13.195 04/07/2011 42.899 13.076 04/07/2012 37.05 11.293 
04/08/2010 43.268 13.188 04/08/2011 42.781 13.040 04/08/2012 37.021 11.284 
04/09/2010 43.155 13.154 04/09/2011 42.68 13.009 04/09/2012 36.999 11.277 
04/10/2010 43.058 13.124 04/10/2011 42.557 12.971 04/10/2012 36.946 11.261 
04/11/2010 43.03 13.116 04/11/2011 42.473 12.946 04/11/2012 36.879 11.241 
04/12/2010 42.96 13.094 04/12/2011 42.468 12.944 04/12/2012 36.801 11.217 
04/13/2010 42.876 13.069 04/13/2011 42.374 12.916 04/13/2012 36.739 11.198 
04/14/2010 42.797 13.045 04/14/2011 42.278 12.886 04/14/2012 36.668 11.176 
04/15/2010 42.743 13.028 04/15/2011 42.194 12.861 04/15/2012 36.614 11.160 
04/16/2010 42.715 13.020 04/16/2011 42.152 12.848 04/16/2012 36.55 11.140 
04/17/2010 42.673 13.007 04/17/2011 42.044 12.815 04/17/2012 36.496 11.124 
04/18/2010 42.615 12.989 04/18/2011 41.961 12.790 04/18/2012 36.458 11.112 
04/19/2010 42.611 12.988 04/19/2011 41.861 12.759 04/19/2012 36.422 11.101 
04/20/2010 42.556 12.971 04/20/2011 41.774 12.733 04/20/2012 36.365 11.084 
04/21/2010 42.7 13.015 04/21/2011 41.681 12.704 04/21/2012 36.343 11.077 
04/22/2010 42.522 12.961 04/22/2011 41.59 12.677 04/22/2012 36.316 11.069 
04/23/2010 42.409 12.926 04/23/2011 41.504 12.650 04/23/2012 36.23 11.043 
04/24/2010 42.365 12.913 04/24/2011 41.441 12.631 04/24/2012 36.17 11.025 
04/25/2010 42.486 12.950 04/25/2011 41.38 12.613 04/25/2012 36.121 11.010 
04/26/2010 42.455 12.940 04/26/2011 41.315 12.593 04/26/2012 36.08 10.997 
04/27/2010 42.252 12.878 04/27/2011 41.223 12.565 04/27/2012 36.032 10.983 
04/28/2010 42.248 12.877 04/28/2011 41.895 12.770 04/28/2012 35.983 10.968 
04/29/2010 42.155 12.849 04/29/2011 42.778 13.039 04/29/2012 35.926 10.950 






















05/01/2010 44.407 13.535 05/01/2011 42.317 12.898 05/01/2012 35.809 10.915 
05/02/2010 44.176 13.465 05/02/2011 42.132 12.842 05/02/2012 35.745 10.895 
05/03/2010 43.996 13.410 05/03/2011 41.989 12.798 05/03/2012 35.685 10.877 
05/04/2010 44.2 13.472 05/04/2011 41.836 12.752 05/04/2012 35.635 10.862 
05/05/2010 44.506 13.565 05/05/2011 41.72 12.716 05/05/2012 35.588 10.847 
05/06/2010 44.29 13.500 05/06/2011 41.602 12.680 05/06/2012 35.529 10.829 
05/07/2010 44.102 13.442 05/07/2011 41.45 12.634 05/07/2012 35.474 10.812 
05/08/2010 43.96 13.399 05/08/2011 41.342 12.601 05/08/2012 35.423 10.797 
05/09/2010 43.806 13.352 05/09/2011 41.227 12.566 05/09/2012 35.38 10.784 
05/10/2010 43.664 13.309 05/10/2011 41.105 12.529 05/10/2012 35.322 10.766 
05/11/2010 43.535 13.269 05/11/2011 40.985 12.492 05/11/2012 35.256 10.746 
05/12/2010 43.43 13.237 05/12/2011 40.88 12.460 05/12/2012 35.201 10.729 
05/13/2010 43.351 13.213 05/13/2011 40.797 12.435 05/13/2012 35.172 10.720 
05/14/2010 43.281 13.192 05/14/2011 40.832 12.446 05/14/2012 35.151 10.714 
05/15/2010 43.216 13.172 05/15/2011 41.154 12.544 05/15/2012 35.111 10.702 
05/16/2010 43.149 13.152 05/16/2011 41.103 12.528 05/16/2012 35.072 10.690 
05/17/2010 44.09 13.439 05/17/2011 40.991 12.494 05/17/2012 35.04 10.680 
05/18/2010 44.293 13.501 05/18/2011 40.817 12.441 05/18/2012 34.986 10.664 
05/19/2010 44.635 13.605 05/19/2011 40.68 12.399 05/19/2012 34.934 10.648 
05/20/2010 44.408 13.536 05/20/2011 40.576 12.368 05/20/2012 34.886 10.633 
05/21/2010 44.212 13.476 05/21/2011 40.468 12.335 05/21/2012 34.842 10.620 
05/22/2010 44.049 13.426 05/22/2011 40.37 12.305 05/22/2012 34.796 10.606 
05/23/2010 43.923 13.388 05/23/2011 40.279 12.277 05/23/2012 34.749 10.591 
05/24/2010 43.824 13.358 05/24/2011 40.18 12.247 05/24/2012 34.692 10.574 
05/25/2010 43.78 13.344 05/25/2011 40.085 12.218 05/25/2012 34.631 10.556 
05/26/2010 43.766 13.340 05/26/2011 39.987 12.188 05/26/2012 34.586 10.542 
05/27/2010 43.583 13.284 05/27/2011 39.897 12.161 05/27/2012 34.548 10.530 
05/28/2010 43.469 13.249 05/28/2011 39.801 12.131 05/28/2012 34.525 10.523 
05/29/2010 43.398 13.228 05/29/2011 39.689 12.097 05/29/2012 34.545 10.529 
05/30/2010 43.571 13.280 05/30/2011 39.587 12.066 05/30/2012 34.578 10.539 






















06/01/2010 43.536 13.270 06/01/2011 39.409 12.012 06/01/2012 34.653 10.562 
06/02/2010 43.398 13.228 06/02/2011 39.303 11.980 06/02/2012 34.702 10.577 
06/03/2010 43.268 13.188 06/03/2011 39.196 11.947 06/03/2012 34.744 10.590 
06/04/2010 43.159 13.155 06/04/2011 39.204 11.949 06/04/2012 34.795 10.606 
06/05/2010 43.058 13.124 06/05/2011 39.82 12.137 06/05/2012 34.825 10.615 
06/06/2010 43.375 13.221 06/06/2011 39.916 12.166 06/06/2012 34.845 10.621 
06/07/2010 43.203 13.168 06/07/2011 39.836 12.142 06/07/2012 34.955 10.654 
06/08/2010 42.91 13.079 06/08/2011 39.716 12.105 06/08/2012 35.709 10.884 
06/09/2010 42.767 13.035 06/09/2011 39.591 12.067 06/09/2012 36.505 11.127 
06/10/2010 42.676 13.008 06/10/2011 39.446 12.023 06/10/2012 37.48 11.424 
06/11/2010 42.553 12.970 06/11/2011 39.304 11.980 06/11/2012 38.442 11.717 
06/12/2010 42.445 12.937 06/12/2011 39.181 11.942 06/12/2012 38.865 11.846 
06/13/2010 42.386 12.919 06/13/2011 39.067 11.908 06/13/2012 39.056 11.904 
06/14/2010 42.294 12.891 06/14/2011 38.976 11.880 06/14/2012 39.119 11.923 
06/15/2010 42.157 12.849 06/15/2011 38.874 11.849 06/15/2012 39.547 12.054 
06/16/2010 42.056 12.819 06/16/2011 38.774 11.818 06/16/2012 39.696 12.099 
06/17/2010 41.969 12.792 06/17/2011 38.674 11.788 06/17/2012 39.669 12.091 
06/18/2010 41.895 12.770 06/18/2011 38.581 11.759 06/18/2012 39.558 12.057 
06/19/2010 41.92 12.777 06/19/2011 38.5 11.735 06/19/2012 39.417 12.014 
06/20/2010 42.567 12.974 06/20/2011 38.405 11.706 06/20/2012 39.307 11.981 
06/21/2010 43.262 13.186 06/21/2011 38.294 11.672 06/21/2012 39.197 11.947 
06/22/2010 42.996 13.105 06/22/2011 38.194 11.642 06/22/2012 39.087 11.914 
06/23/2010 42.722 13.022 06/23/2011 38.108 11.615 06/23/2012 39.077 11.911 
06/24/2010 42.517 12.959 06/24/2011 38.048 11.597 06/24/2012 39.607 12.072 
06/25/2010 42.423 12.931 06/25/2011 37.993 11.580 06/25/2012 41.869 12.762 
06/26/2010 42.352 12.909 06/26/2011 37.897 11.551 06/26/2012 44.777 13.648 
06/27/2010 42.258 12.880 06/27/2011 37.819 11.527 06/27/2012 45.021 13.722 
06/28/2010 42.269 12.884 06/28/2011 37.894 11.550 06/28/2012 44.865 13.675 
06/29/2010 42.33 12.902 06/29/2011 38.088 11.609 06/29/2012 44.717 13.630 






















07/01/2010 42.604 12.986 07/01/2011 39.272 11.970 07/01/2012 44.401 13.533 
07/02/2010 42.952 13.092 07/02/2011 39.382 12.004 07/02/2012 44.262 13.491 
07/03/2010 42.74 13.027 07/03/2011 39.373 12.001 07/03/2012 44.131 13.451 
07/04/2010 42.485 12.949 07/04/2011 39.305 11.980 07/04/2012 44.112 13.445 
07/05/2010 42.309 12.896 07/05/2011 39.195 11.947 07/05/2012 44.076 13.434 
07/06/2010 42.323 12.900 07/06/2011 39.069 11.908 07/06/2012 43.916 13.386 
07/07/2010 42.594 12.983 07/07/2011 38.952 11.873 07/07/2012 43.79 13.347 
07/08/2010 42.377 12.917 07/08/2011 38.856 11.843 07/08/2012 43.681 13.314 
07/09/2010 42.174 12.855 07/09/2011 38.74 11.808 07/09/2012 43.578 13.283 
07/10/2010 42.049 12.817 07/10/2011 38.621 11.772 07/10/2012 43.463 13.248 
07/11/2010 42.055 12.818 07/11/2011 38.534 11.745 07/11/2012 43.43 13.237 
07/12/2010 42.033 12.812 07/12/2011 38.444 11.718 07/12/2012 43.494 13.257 
07/13/2010 41.903 12.772 07/13/2011 38.35 11.689 07/13/2012 43.82 13.356 
07/14/2010 41.992 12.799 07/14/2011 38.254 11.660 07/14/2012 43.818 13.356 
07/15/2010 42.514 12.958 07/15/2011 38.177 11.636 07/15/2012 43.82 13.356 
07/16/2010 42.394 12.922 07/16/2011 38.159 11.631 07/16/2012 43.819 13.356 
07/17/2010 42.175 12.855 07/17/2011 38.154 11.629 07/17/2012 43.78 13.344 
07/18/2010 41.99 12.799 07/18/2011 38.11 11.616 07/18/2012 43.77 13.341 
07/19/2010 41.902 12.772 07/19/2011 38.04 11.595 07/19/2012 43.77 13.341 
07/20/2010 41.879 12.765 07/20/2011 37.982 11.577 07/20/2012 43.77 13.341 
07/21/2010 41.749 12.725 07/21/2011 37.925 11.560 07/21/2012 43.77 13.341 
07/22/2010 41.649 12.695 07/22/2011 37.833 11.531 07/22/2012 43.77 13.341 
07/23/2010 41.545 12.663 07/23/2011 37.77 11.512 07/23/2012 43.77 13.341 
07/24/2010 41.44 12.631 07/24/2011 37.744 11.504 07/24/2012 43.77 13.341 
07/25/2010 41.418 12.624 07/25/2011 37.718 11.496 07/25/2012 43.753 13.336 
07/26/2010 41.44 12.631 07/26/2011 37.666 11.481 07/26/2012 43.705 13.321 
07/27/2010 41.308 12.591 07/27/2011 37.608 11.463 07/27/2012 43.59 13.286 
07/28/2010 41.197 12.557 07/28/2011 37.565 11.450 07/28/2012 43.512 13.262 
07/29/2010 41.102 12.528 07/29/2011 37.533 11.440 07/29/2012 43.472 13.250 
07/30/2010 41.01 12.500 07/30/2011 37.492 11.428 07/30/2012 43.459 13.246 






















08/01/2010 40.965 12.486 08/01/2011 37.499 11.430 08/01/2012 43.56 13.277 
08/02/2010 40.99 12.494 08/02/2011 37.53 11.439 08/02/2012 43.353 13.214 
08/03/2010 40.89 12.463 08/03/2011 37.508 11.432 08/03/2012 43.409 13.231 
08/04/2010 40.845 12.450 08/04/2011 37.433 11.410 08/04/2012 43.511 13.262 
08/05/2010 40.794 12.434 08/05/2011 37.376 11.392 08/05/2012 43.408 13.231 
08/06/2010 40.772 12.427 08/06/2011 37.35 11.384 08/06/2012 43.557 13.276 
08/07/2010 40.797 12.435 08/07/2011 37.33 11.378 08/07/2012 43.766 13.340 
08/08/2010 40.883 12.461 08/08/2011 37.301 11.369 08/08/2012 44.156 13.459 
08/09/2010 40.777 12.429 08/09/2011 37.293 11.367 08/09/2012 44.018 13.417 
08/10/2010 40.666 12.395 08/10/2011 37.283 11.364 08/10/2012 43.834 13.361 
08/11/2010 40.589 12.372 08/11/2011 37.233 11.349 08/11/2012 43.766 13.340 
08/12/2010 40.623 12.382 08/12/2011 37.202 11.339 08/12/2012 43.654 13.306 
08/13/2010 40.769 12.426 08/13/2011 37.165 11.328 08/13/2012 43.497 13.258 
08/14/2010 40.952 12.482 08/14/2011 37.137 11.319 08/14/2012 43.556 13.276 
08/15/2010 41.172 12.549 08/15/2011 37.099 11.308 08/15/2012 43.77 13.341 
08/16/2010 41.076 12.520 08/16/2011 37.057 11.295 08/16/2012 43.717 13.325 
08/17/2010 40.888 12.463 08/17/2011 36.997 11.277 08/17/2012 43.677 13.313 
08/18/2010 40.735 12.416 08/18/2011 36.953 11.263 08/18/2012 43.526 13.267 
08/19/2010 40.659 12.393 08/19/2011 36.911 11.250 08/19/2012 43.797 13.349 
08/20/2010 40.712 12.409 08/20/2011 36.863 11.236 08/20/2012 44.308 13.505 
08/21/2010 40.71 12.408 08/21/2011 36.81 11.220 08/21/2012 44.579 13.588 
08/22/2010 40.799 12.436 08/22/2011 36.779 11.210 08/22/2012 44.588 13.590 
08/23/2010 41.848 12.755 08/23/2011 36.721 11.193 08/23/2012 44.543 13.577 
08/24/2010 41.892 12.769 08/24/2011 36.665 11.175 08/24/2012 44.432 13.543 
08/25/2010 41.755 12.727 08/25/2011 36.637 11.167 08/25/2012 44.29 13.500 
08/26/2010 41.76 12.728 08/26/2011 36.59 11.153 08/26/2012 44.171 13.463 
08/27/2010 41.873 12.763 08/27/2011 36.539 11.137 08/27/2012 44.111 13.445 
08/28/2010 41.836 12.752 08/28/2011 36.492 11.123 08/28/2012 44.006 13.413 
08/29/2010 41.698 12.710 08/29/2011 36.422 11.101 08/29/2012 43.935 13.391 
08/30/2010 41.539 12.661 08/30/2011 36.349 11.079 08/30/2012 43.888 13.377 






















09/01/2010 41.282 12.583 09/01/2011 36.276 11.057 09/01/2012 43.695 13.318 
09/02/2010 41.135 12.538 09/02/2011 36.254 11.050 09/02/2012 43.6 13.289 
09/03/2010 40.988 12.493 09/03/2011 36.217 11.039 09/03/2012 43.493 13.257 
09/04/2010 40.88 12.460 09/04/2011 36.166 11.023 09/04/2012 43.621 13.296 
09/05/2010 40.792 12.433 09/05/2011 36.188 11.030 09/05/2012 43.769 13.341 
09/06/2010 40.678 12.399 09/06/2011 36.479 11.119 09/06/2012 43.748 13.334 
09/07/2010 40.587 12.371 09/07/2011 36.833 11.227 09/07/2012 43.669 13.310 
09/08/2010 40.626 12.383 09/08/2011 37.108 11.311 09/08/2012 43.635 13.300 
09/09/2010 40.532 12.354 09/09/2011 37.3 11.369 09/09/2012 43.78 13.344 
09/10/2010 40.428 12.322 09/10/2011 37.387 11.396 09/10/2012 43.78 13.344 
09/11/2010 40.333 12.293 09/11/2011 37.441 11.412 09/11/2012 43.78 13.344 
09/12/2010 40.253 12.269 09/12/2011 37.46 11.418 09/12/2012 43.775 13.343 
09/13/2010 40.172 12.244 09/13/2011 37.47 11.421 09/13/2012 43.741 13.332 
09/14/2010 40.077 12.215 09/14/2011 37.441 11.412 09/14/2012 43.682 13.314 
09/15/2010 39.992 12.190 09/15/2011 37.369 11.390 09/15/2012 43.589 13.286 
09/16/2010 39.92 12.168 09/16/2011 37.285 11.364 09/16/2012 43.554 13.275 
09/17/2010 39.841 12.144 09/17/2011 37.225 11.346 09/17/2012 43.602 13.290 
09/18/2010 39.747 12.115 09/18/2011 37.166 11.328 09/18/2012 43.78 13.344 
09/19/2010 39.664 12.090 09/19/2011 37.128 11.317 09/19/2012 43.78 13.344 
09/20/2010 39.588 12.066 09/20/2011 37.048 11.292 09/20/2012 43.78 13.344 
09/21/2010 39.486 12.035 09/21/2011 36.979 11.271 09/21/2012 43.78 13.344 
09/22/2010 39.401 12.009 09/22/2011 36.945 11.261 09/22/2012 43.78 13.344 
09/23/2010 39.321 11.985 09/23/2011 36.92 11.253 09/23/2012 43.78 13.344 
09/24/2010 39.246 11.962 09/24/2011 36.864 11.236 09/24/2012 43.78 13.344 
09/25/2010 39.198 11.948 09/25/2011 36.785 11.212 09/25/2012 43.778 13.344 
09/26/2010 39.192 11.946 09/26/2011 36.707 11.188 09/26/2012 43.751 13.335 
09/27/2010 40.816 12.441 09/27/2011 36.627 11.164 09/27/2012 43.696 13.319 
09/28/2010 42.61 12.988 09/28/2011 36.575 11.148 09/28/2012 43.613 13.293 
09/29/2010 42.564 12.974 09/29/2011 36.528 11.134 09/29/2012 43.538 13.270 






















10/01/2010 42.244 12.876 10/01/2011 36.376 11.087 10/01/2012 43.439 13.240 
10/02/2010 42.098 12.831 10/02/2011 36.331 11.074 10/02/2012 43.53 13.268 
10/03/2010 41.953 12.787 10/03/2011 36.279 11.058 10/03/2012 43.662 13.308 
10/04/2010 41.811 12.744 10/04/2011 36.224 11.041 10/04/2012 44.075 13.434 
10/05/2010 41.699 12.710 10/05/2011 36.17 11.025 10/05/2012 44.097 13.441 
10/06/2010 41.609 12.682 10/06/2011 36.111 11.007 10/06/2012 43.971 13.402 
10/07/2010 41.508 12.652 10/07/2011 36.047 10.987 10/07/2012 43.836 13.361 
10/08/2010 41.402 12.619 10/08/2011 35.996 10.972 10/08/2012 43.751 13.335 
10/09/2010 41.305 12.590 10/09/2011 35.994 10.971 10/09/2012 43.692 13.317 
10/10/2010 41.221 12.564 10/10/2011 35.999 10.972 10/10/2012 43.613 13.293 
10/11/2010 41.133 12.537 10/11/2011 35.942 10.955 10/11/2012 43.504 13.260 
10/12/2010 41.048 12.511 10/12/2011 35.892 10.940 10/12/2012 43.424 13.236 
10/13/2010 40.968 12.487 10/13/2011 35.861 10.930 10/13/2012 43.344 13.211 
10/14/2010 40.892 12.464 10/14/2011 35.797 10.911 10/14/2012 43.306 13.200 
10/15/2010 40.79 12.433 10/15/2011 35.763 10.901 10/15/2012 43.286 13.194 
10/16/2010 40.689 12.402 10/16/2011 35.739 10.893 10/16/2012 43.187 13.163 
10/17/2010 40.611 12.378 10/17/2011 35.715 10.886 10/17/2012 43.135 13.148 
10/18/2010 40.549 12.359 10/18/2011 35.699 10.881 10/18/2012 43.105 13.138 
10/19/2010 40.481 12.339 10/19/2011 35.677 10.874 10/19/2012 43.032 13.116 
10/20/2010 40.412 12.318 10/20/2011 35.647 10.865 10/20/2012 42.931 13.085 
10/21/2010 40.316 12.288 10/21/2011 35.673 10.873 10/21/2012 42.847 13.060 
10/22/2010 40.218 12.258 10/22/2011 35.689 10.878 10/22/2012 42.802 13.046 
10/23/2010 40.135 12.233 10/23/2011 35.68 10.875 10/23/2012 42.772 13.037 
10/24/2010 40.091 12.220 10/24/2011 35.653 10.867 10/24/2012 42.729 13.024 
10/25/2010 40.059 12.210 10/25/2011 35.614 10.855 10/25/2012 42.703 13.016 
10/26/2010 39.99 12.189 10/26/2011 35.583 10.846 10/26/2012 42.674 13.007 
10/27/2010 39.906 12.163 10/27/2011 35.538 10.832 10/27/2012 42.632 12.994 
10/28/2010 39.88 12.155 10/28/2011 35.499 10.820 10/28/2012 42.571 12.976 
10/29/2010 40.057 12.209 10/29/2011 35.466 10.810 10/29/2012 42.511 12.957 
10/30/2010 40.069 12.213 10/30/2011 35.462 10.809 10/30/2012 42.436 12.934 






















11/01/2010 39.918 12.167 11/01/2011 35.418 10.795 11/01/2012 42.353 12.909 
11/02/2010 39.861 12.150 11/02/2011 35.413 10.794 11/02/2012 42.302 12.894 
11/03/2010 39.834 12.141 11/03/2011 35.382 10.784 11/03/2012 42.272 12.885 
11/04/2010 39.833 12.141 11/04/2011 35.358 10.777 11/04/2012 42.261 12.881 
11/05/2010 39.704 12.102 11/05/2011 35.342 10.772 11/05/2012 42.222 12.869 
11/06/2010 39.614 12.074 11/06/2011 35.318 10.765 11/06/2012 42.213 12.867 
11/07/2010 39.586 12.066 11/07/2011 35.27 10.750 11/07/2012 42.145 12.846 
11/08/2010 39.58 12.064 11/08/2011 35.231 10.738 11/08/2012 42.058 12.819 
11/09/2010 39.524 12.047 11/09/2011 35.205 10.730 11/09/2012 42.012 12.805 
11/10/2010 39.442 12.022 11/10/2011 35.191 10.726 11/10/2012 41.964 12.791 
11/11/2010 39.354 11.995 11/11/2011 35.191 10.726 11/11/2012 41.93 12.780 
11/12/2010 39.306 11.980 11/12/2011 35.204 10.730 11/12/2012 41.919 12.777 
11/13/2010 39.276 11.971 11/13/2011 35.171 10.720 11/13/2012 41.902 12.772 
11/14/2010 39.23 11.957 11/14/2011 35.12 10.705 11/14/2012 41.873 12.763 
11/15/2010 39.191 11.945 11/15/2011 35.074 10.691 11/15/2012 41.874 12.763 
11/16/2010 39.153 11.934 11/16/2011 35.01 10.671 11/16/2012 41.843 12.754 
11/17/2010 39.055 11.904 11/17/2011 34.97 10.659 11/17/2012 41.8 12.741 
11/18/2010 39.017 11.892 11/18/2011 34.982 10.663 11/18/2012 41.767 12.731 
11/19/2010 38.97 11.878 11/19/2011 34.979 10.662 11/19/2012 41.731 12.720 
11/20/2010 38.927 11.865 11/20/2011 34.928 10.646 11/20/2012 41.697 12.709 
11/21/2010 38.883 11.852 11/21/2011 34.911 10.641 11/21/2012 41.649 12.695 
11/22/2010 38.848 11.841 11/22/2011 34.9 10.638 11/22/2012 41.579 12.673 
11/23/2010 38.814 11.831 11/23/2011 34.876 10.630 11/23/2012 41.555 12.666 
11/24/2010 38.773 11.818 11/24/2011 34.861 10.626 11/24/2012 41.516 12.654 
11/25/2010 38.741 11.808 11/25/2011 34.874 10.630 11/25/2012 41.458 12.636 
11/26/2010 38.716 11.801 11/26/2011 34.848 10.622 11/26/2012 41.421 12.625 
11/27/2010 38.635 11.776 11/27/2011 34.838 10.619 11/27/2012 41.401 12.619 
11/28/2010 38.603 11.766 11/28/2011 34.827 10.615 11/28/2012 41.349 12.603 
11/29/2010 38.582 11.760 11/29/2011 34.844 10.620 11/29/2012 41.344 12.602 






















12/01/2010 38.491 11.732 12/01/2011 34.873 10.629 12/01/2012 41.271 12.579 
12/02/2010 38.566 11.755 12/02/2011 34.865 10.627 12/02/2012 41.241 12.570 
12/03/2010 38.587 11.761 12/03/2011 34.856 10.624 12/03/2012 41.212 12.561 
12/04/2010 38.569 11.756 12/04/2011 34.817 10.612 12/04/2012 41.185 12.553 
12/05/2010 38.528 11.743 12/05/2011 34.783 10.602 12/05/2012 41.171 12.549 
12/06/2010 38.486 11.731 12/06/2011 34.749 10.591 12/06/2012 41.135 12.538 
12/07/2010 38.452 11.720 12/07/2011 34.74 10.589 12/07/2012 41.095 12.526 
12/08/2010 38.421 11.711 12/08/2011 34.782 10.602 12/08/2012 41.067 12.517 
12/09/2010 38.395 11.703 12/09/2011 34.806 10.609 12/09/2012 41.048 12.511 
12/10/2010 38.377 11.697 12/10/2011 34.767 10.597 12/10/2012 41.07 12.518 
12/11/2010 38.372 11.696 12/11/2011 34.775 10.599 12/11/2012 41.007 12.499 
12/12/2010 38.413 11.708 12/12/2011 34.847 10.621 12/12/2012 41.106 12.529 
12/13/2010 38.309 11.677 12/13/2011 35.01 10.671 12/13/2012 41.541 12.662 
12/14/2010 38.239 11.655 12/14/2011 35.145 10.712 12/14/2012 41.57 12.671 
12/15/2010 38.24 11.656 12/15/2011 35.259 10.747 12/15/2012 41.544 12.663 
12/16/2010 38.25 11.659 12/16/2011 35.367 10.780 12/16/2012 41.491 12.646 
12/17/2010 38.232 11.653 12/17/2011 35.46 10.808 12/17/2012 41.477 12.642 
12/18/2010 38.328 11.682 12/18/2011 35.566 10.841 12/18/2012 41.575 12.672 
12/19/2010 38.386 11.700 12/19/2011 35.678 10.875 12/19/2012 41.473 12.641 
12/20/2010 38.383 11.699 12/20/2011 35.728 10.890 12/20/2012 41.517 12.654 
12/21/2010 38.43 11.713 12/21/2011 35.75 10.897 12/21/2012 42.001 12.802 
12/22/2010 38.487 11.731 12/22/2011 35.761 10.900 12/22/2012 41.969 12.792 
12/23/2010 38.435 11.715 12/23/2011 35.789 10.908 12/23/2012 41.919 12.777 
12/24/2010 38.385 11.700 12/24/2011 35.839 10.924 12/24/2012 41.888 12.767 
12/25/2010 38.444 11.718 12/25/2011 35.898 10.942 12/25/2012 41.86 12.759 
12/26/2010 38.443 11.717 12/26/2011 35.949 10.957 12/26/2012 41.893 12.769 
12/27/2010 38.428 11.713 12/27/2011 36.008 10.975 12/27/2012 41.811 12.744 
12/28/2010 38.469 11.725 12/28/2011 36.034 10.983 12/28/2012 41.772 12.732 
12/29/2010 38.543 11.748 12/29/2011 36.061 10.991 12/29/2012 42.142 12.845 
12/30/2010 38.559 11.753 12/30/2011 36.072 10.995 12/30/2012 42.154 12.849 














Table B: Change in storage calculations using mean monthly water level from well 
S03070001 at N30° 11’46”/W83° 40’11”, maintained by the Suwannee River 











Jan-10 12.48 -0.2231 -1550 
Feb-10 13.43 0.7253 5041 
Mar-10 13.40 0.6973 4846 
Apr-10 13.06 0.3551 2468 
May-10 13.37 0.6660 4629 
Jun-10 12.99 0.2904 2018 
Jul-10 12.78 0.0799 556 
Aug-10 12.52 -0.1810 -1258 
Sep-10 12.31 -0.3923 -2727 
Oct-10 12.44 -0.2648 -1840 
Nov-10 11.94 -0.7607 -5287 
Dec-10 11.71 -0.9921 -6895 
2010 Mean 
Annual Level 
12.70   
Jan-11 12.38 0.5435 3778 
Feb-11 12.95 1.1161 7757 
Mar-11 12.92 1.0833 7529 
Apr-11 12.89 1.0593 7362 
May-11 12.44 0.6088 4231 
Jun-11 11.84 0.0027 19 
Jul-11 11.67 -0.1590 -1105 
Aug-11 11.28 -0.5567 -3869 
Sep-11 11.24 -0.5892 -4095 
Oct-11 10.92 -0.9133 -6347 
Nov-11 10.69 -1.1402 -7924 
Dec-11 10.78 -1.0553 -7335 
2011 Mean 
Annual Level 
11.83   
Jan-12 11.05 -1.10 -7638 
Feb-12 11.07 -1.08 -7475 
Mar-12 11.35 -0.80 -5551 
Apr-12 11.16 -0.99 -6891 
May-12 10.69 -1.46 -10133 
Jun-12 11.87 -0.28 -1924 
 78 
 
Jul-12 13.34 1.19 8272 
Aug-12 13.37 1.22 8499 
Sep-12 13.32 1.17 8115 
Oct-12 13.17 1.01 7051 
Nov-12 12.75 0.60 4153 
Dec-12 12.66 0.51 3522 
2012 Mean 
Annual Level 












Lat/Long         
Perry 
Station:  

































1/1/2010 0.15 0.39 0.00 1/1/2011 0.00 0.99 0.00 1/1/2012 0.00 0.00 0.00 
1/2/2010 0.00 0.00 0.00 1/2/2011 5.16 4.14 1.40 1/2/2012 0.00 0.00 0.00 
1/3/2010 0.00 0.00 0.00 1/3/2011 0.00 0.00 0.79 1/3/2012 0.00 0.00 0.00 
1/4/2010 0.00 0.00 0.00 1/4/2011 0.00 0.00 0.00 1/4/2012 0.00 0.00 0.00 
1/5/2010 0.00 0.00 0.00 1/5/2011 1.27 2.51 0.00 1/5/2012 0.00 0.00 0.00 
1/6/2010 0.00 0.00 0.00 1/6/2011 2.29 0.13 4.70 1/6/2012 0.00 0.00 0.00 
1/7/2010 0.00 0.00 0.00 1/7/2011 0.00 0.00 0.00 1/7/2012 0.00 0.00 0.00 
1/8/2010 0.41 1.03 0.58 1/8/2011 0.00 0.00 0.00 1/8/2012 0.00 0.00 0.00 
1/9/2010 0.00 0.00 0.33 1/9/2011 0.00 0.00 0.00 1/9/2012 0.00 0.00 0.00 
1/10/2010 0.00 0.00 0.00 1/10/2011 2.95 3.61 0.00 1/10/2012 0.00 0.13 0.00 
1/11/2010 0.00 0.00 0.00 1/11/2011 0.13 0.00 0.41 1/11/2012 1.60  0.00 
1/12/2010 0.00 0.00 0.00 1/12/2011 0.00 0.00 0.00 1/12/2012 0.03 0.00 0.38 
1/13/2010 0.00 0.00 0.00 1/13/2011 0.00 0.00 0.00 1/13/2012 0.00 0.00 0.00 






1/15/2010 0.00 0.00 0.00 1/15/2011 0.00 0.00 0.00 1/15/2012 0.00 0.00 0.00 
1/16/2010 3.00 7.61 0.28 1/16/2011 0.00 0.00 0.00 1/16/2012 0.00 0.00 0.00 
1/17/2010 9.42 23.94 5.77 1/17/2011 1.85 1.93 0.81 1/17/2012 0.00 0.00 0.00 
1/18/2010 0.00 0.00 0.41 1/18/2011 0.00 0.00 2.95 1/18/2012 2.18 1.85 1.27 
1/19/2010 0.00 0.00 0.00 1/19/2011 0.91 0.94 0.43 1/19/2012 0.00 0.00 1.65 
1/20/2010 0.00 0.00 0.00 1/20/2011 0.00 0.03 0.00 1/20/2012 0.00 0.00 0.00 
1/21/2010 12.98 32.97 0.28 1/21/2011 0.76 0.00 0.91 1/21/2012 0.00 0.00 0.00 
1/22/2010 0.36 0.90 1.60 1/22/2011 0.00 0.00 0.00 1/22/2012 0.00 0.00 0.00 
1/23/2010 0.00 0.00 0.00 1/23/2011 0.00 0.00 0.00 1/23/2012 0.00 0.00 0.00 
1/24/2010 0.00 0.00 0.00 1/24/2011 0.00 0.00 0.00 1/24/2012 0.00 0.00 0.00 
1/25/2010 1.22 3.10 1.07 1/25/2011 5.87 7.52 0.00 1/25/2012 0.00 0.00 0.00 
1/26/2010 0.00 0.00 0.00 1/26/2011 4.29 0.00 4.27 1/26/2012 0.00 0.91 0.00 
1/27/2010 0.00 0.00 0.00 1/27/2011 0.00 0.00 0.00 1/27/2012 1.52 0.89 0.66 
1/28/2010 0.00 0.00 0.00 1/28/2011 0.00 0.00 0.00 1/28/2012 0.00 0.00 0.03 
1/29/2010 0.00 0.00 0.00 1/29/2011 0.00 0.00 0.00 1/29/2012 0.00 0.00 0.00 
1/30/2010 2.01  0.00 1/30/2011 0.00 0.00 0.00 1/30/2012 0.00 0.00 0.00 
1/31/2010 0.00  1.07 1/31/2011 0.03 0.00 0.13 1/31/2012 0.00 0.00 0.00 
2/1/2010 0.00  0.00 2/1/2011 0.00 0.00 0.00 2/1/2012 0.00 0.03 0.00 
2/2/2010 0.71  0.51 2/2/2011 0.25 0.13 0.28 2/2/2012 0.13 0.05 0.00 
2/3/2010 0.00 0.00 0.13 2/3/2011 0.00 0.10 1.27 2/3/2012 0.00 0.00 0.00 
2/4/2010 0.00 0.00 0.00 2/4/2011 0.18 0.03 0.48 2/4/2012 0.00 0.00 0.00 
2/5/2010 1.47 3.74 0.00 2/5/2011 0.00 0.15 0.53 2/5/2012 0.00 0.25 0.00 
2/6/2010 1.50 3.81 2.41 2/6/2011 0.15 0.13 0.15 2/6/2012 0.05 0.00 0.00 
2/7/2010 0.00 0.00 0.00 2/7/2011 2.90 2.90 0.36 2/7/2012 0.00 0.00 0.00 
2/8/2010 0.00 0.00 0.00 2/8/2011 0.30 0.00 4.98 2/8/2012 0.00 0.00 0.00 






2/10/2010 0.00 0.00 1.73 2/10/2011 2.72 2.06 2.59 2/10/2012 0.00 0.10 0.00 
2/11/2010 0.00 0.00 0.00 2/11/2011 0.00 0.00 0.13 2/11/2012 0.13 0.00 0.00 
2/12/2010 3.30 8.39 1.40 2/12/2011 0.00 0.00 0.00 2/12/2012 0.00 0.00 0.00 
2/13/2010 0.86 2.19 2.95 2/13/2011 0.00 0.00 0.00 2/13/2012 0.00 0.00 0.00 
2/14/2010 0.00 0.00 0.00 2/14/2011 0.00 0.00 0.00 2/14/2012 0.00 0.15 0.00 
2/15/2010 0.30 0.77 0.00 2/15/2011 0.00 0.00 0.00 2/15/2012 0.51 0.30 0.53 
2/16/2010 0.00 0.00 0.13 2/16/2011 0.00 0.00 0.00 2/16/2012 0.46 0.41  
2/17/2010 0.00 0.00 0.00 2/17/2011 0.00  0.00 2/17/2012 0.00 0.00  
2/18/2010 0.00 0.00 0.00 2/18/2011 0.00 0.00 0.00 2/18/2012 1.02 0.00 0.46 
2/19/2010 0.00 0.00 0.00 2/19/2011 0.00 0.00 0.00 2/19/2012 0.05 0.00  
2/20/2010 0.00 0.00 0.00 2/20/2011 0.00 0.00 0.00 2/20/2012 0.00 0.00  
2/21/2010 0.00 0.00 0.00 2/21/2011 0.00 0.00 0.00 2/21/2012 0.00 0.00  
2/22/2010 2.54 6.45 0.00 2/22/2011 0.00 0.00 0.00 2/22/2012 0.00 0.99  
2/23/2010 0.00 0.00 1.78 2/23/2011 0.00 0.00 0.00 2/23/2012 1.17 0.00  
2/24/2010 0.00 0.00 0.00 2/24/2011 0.00 0.00 0.00 2/24/2012 0.00 0.05 0.23 
2/25/2010 0.28 0.71 0.10 2/25/2011 0.00 0.00 0.00 2/25/2012 0.13 0.00 0.13 
2/26/2010 0.00 0.00 0.00 2/26/2011 0.00  0.00 2/26/2012 0.25 0.33 0.30 
2/27/2010 0.05 0.13 0.00 2/27/2011 0.00 0.00 0.00 2/27/2012 1.04 0.81 1.88 
2/28/2010 0.00 0.00 0.03 2/28/2011 0.00 0.03 0.00 2/28/2012 0.20 0.00 1.02 
3/1/2010 0.00 0.00 0.00 3/1/2011 0.20  0.10 2/29/2012 0.00 0.00 0.03 
3/2/2010 2.46 2.59 2.03 3/2/2011 0.00 0.00 0.00 3/1/2012 0.03 0.03 0.00 
3/3/2010 0.00 0.00 0.05 3/3/2011 0.00 0.00 0.00 3/2/2012 0.05 0.00 0.08 
3/4/2010 0.00 0.00 0.00 3/4/2011 0.00 0.00 0.00 3/3/2012 0.00 4.50  
3/5/2010 0.00 0.00 0.00 3/5/2011 0.00 0.00 0.00 3/4/2012 5.28 1.93 1.07 
3/6/2010 0.00 0.00 0.00 3/6/2011 1.02 1.07 0.05 3/5/2012 0.00 0.00 0.00 






3/8/2010 0.00 0.00 0.00 3/8/2011 0.00 0.00 0.00 3/7/2012 0.00 0.00 0.00 
3/9/2010 0.00 0.03 0.00 3/9/2011 0.00 3.78 0.00 3/8/2012 0.00 0.00 0.00 
3/10/2010 0.00 0.00 0.03 3/10/2011 5.11 1.35 4.52 3/9/2012 0.00 0.00 0.00 
3/11/2010 3.81 2.84 0.36 3/11/2011 0.00 0.00 0.00 3/10/2012 0.00 0.00 0.00 
3/12/2010 0.08 0.10 2.44 3/12/2011 0.00 0.00 0.00 3/11/2012 0.00 0.10 0.00 
3/13/2010 0.00 0.00 0.30 3/13/2011 0.00 0.00 0.00 3/12/2012 0.10 0.00 0.13 
3/14/2010 0.00 0.00 0.00 3/14/2011 0.00 0.00 0.00 3/13/2012 0.00 0.00 0.00 
3/15/2010 0.00 0.00 0.00 3/15/2011 0.00 0.00 0.00 3/14/2012 0.00 0.18 0.00 
3/16/2010 0.00 0.00 0.00 3/16/2011 0.00 0.00 0.00 3/15/2012 0.10 0.00 0.00 
3/17/2010 0.64 0.69 0.00 3/17/2011 0.00 0.00 0.00 3/16/2012 0.00 0.00 0.00 
3/18/2010 0.64 0.28 0.13 3/18/2011 0.00 0.00 0.00 3/17/2012 0.00 0.00 0.00 
3/19/2010 0.00 0.00 0.13 3/19/2011 0.00 0.00 0.00 3/18/2012 0.00 0.00 0.00 
3/20/2010 0.00 0.00 0.00 3/20/2011 0.00 0.00 0.00 3/19/2012 0.00 0.00 0.00 
3/21/2010 0.76 0.81 0.13 3/21/2011 0.00 0.00 0.00 3/20/2012 0.00 0.00 0.00 
3/22/2010 0.05 0.00 1.14 3/22/2011 0.00 0.00 0.00 3/21/2012 0.00 0.00 0.00 
3/23/2010 0.00 0.00 0.00 3/23/2011 0.00 0.00 0.00 3/22/2012 0.00 0.00 0.00 
3/24/2010 0.00 0.00 0.00 3/24/2011 0.00 0.00 0.00 3/23/2012 0.00 0.00 0.00 
3/25/2010 0.00 2.34 0.00 3/25/2011 0.00 0.00 0.00 3/24/2012 0.00 0.00 0.00 
3/26/2010 2.29 0.00 2.41 3/26/2011 0.00 0.15 0.00 3/25/2012 0.00 0.00 0.81 
3/27/2010 0.00 0.00 0.00 3/27/2011 0.76 0.00 0.00 3/26/2012 0.00 0.00 0.00 
3/28/2010 0.30 0.86 0.00 3/28/2011 0.15 0.18 0.00 3/27/2012 0.00 0.00 0.00 
3/29/2010 0.48 0.00 1.14 3/29/2011 0.15 0.05 0.15 3/28/2012 0.00 0.56 0.00 
3/30/2010 0.00 0.00 0.00 3/30/2011 5.33 4.83 0.13 3/29/2012 0.00 0.00 0.00 
3/31/2010 0.00 0.00 0.00 3/31/2011 0.30 0.30 1.57 3/30/2012 0.00 0.00 0.00 
4/1/2010 0.00 0.00 0.00 4/1/2011 0.38 0.00 0.13 3/31/2012 0.30 0.79 0.00 






4/3/2010 0.00 0.00 0.00 4/3/2011 0.00 0.00 0.00 4/2/2012 0.00 0.00 0.00 
4/4/2010 0.00 0.00 0.00 4/4/2011 0.00 0.00 0.00 4/3/2012 0.00 0.00 0.00 
4/5/2010 0.00 0.00 0.00 4/5/2011 2.11 2.16 1.75 4/4/2012 0.00  0.00 
4/6/2010 0.00 0.00 0.00 4/6/2011 0.00 0.00 0.00 4/5/2012 0.00 0.00 0.00 
4/7/2010 0.00 0.00 0.00 4/7/2011 0.00 0.00 0.00 4/6/2012 0.08 0.19 0.03 
4/8/2010 0.00  0.00 4/8/2011 0.00 0.00 0.00 4/7/2012 0.00 0.00 0.00 
4/9/2010 0.00 0.00 2.51 4/9/2011 0.00 0.00 0.00 4/8/2012 0.00 0.00 0.00 
4/10/2010 0.00 0.00 0.00 4/10/2011 0.00 0.00 0.00 4/9/2012 0.00 0.00 0.00 
4/11/2010 0.00 0.00 0.00 4/11/2011 0.00 0.00 0.00 4/10/2012 0.00 0.00 0.00 
4/12/2010 0.00 0.00 0.00 4/12/2011 0.23 0.08 0.00 4/11/2012 0.00 0.00 0.00 
4/13/2010 0.00 0.00 0.00 4/13/2011 0.10 0.00 0.08 4/12/2012 0.00 0.00 0.00 
4/14/2010 0.00 0.00 0.00 4/14/2011 0.00 0.00 0.00 4/13/2012 0.00 0.00 0.00 
4/15/2010 0.00 0.00 0.00 4/15/2011 0.00 0.00 0.00 4/14/2012 0.00 0.00 0.00 
4/16/2010 0.00 0.00 0.00 4/16/2011 0.00 0.05 0.00 4/15/2012 0.00 0.00 0.00 
4/17/2010 0.00 0.00 0.00 4/17/2011 0.00 0.00 0.00 4/16/2012 0.00 0.00 0.00 
4/18/2010 0.00 0.00 0.00 4/18/2011 0.00 0.00 0.00 4/17/2012 0.00 0.00 0.00 
4/19/2010 0.61 0.41 0.00 4/19/2011 0.00 0.00 0.00 4/18/2012 0.00 0.00 0.00 
4/20/2010 0.41 0.15 0.15 4/20/2011 0.00 0.00 0.00 4/19/2012 0.51 1.29 0.33 
4/21/2010 0.00 0.03 0.00 4/21/2011 0.00 0.00 0.00 4/20/2012 0.00 0.00 0.00 
4/22/2010 0.00 0.00 0.00 4/22/2011 0.00 0.00 0.00 4/21/2012 0.25 0.65 0.00 
4/23/2010 0.00 0.00 0.00 4/23/2011 0.00 0.00 0.00 4/22/2012 0.64 1.61 6.35 
4/24/2010 0.00 0.00 0.00 4/24/2011 0.00 0.00 0.00 4/23/2012 0.00 0.00 0.00 
4/25/2010 0.20 0.18 0.00 4/25/2011 0.00 0.08 0.00 4/24/2012 0.00 0.00 0.00 
4/26/2010 0.05 0.00 0.56 4/26/2011 0.00 0.00 0.00 4/25/2012 0.00 0.00 0.00 
4/27/2010 0.00 0.00 0.00 4/27/2011 0.00 0.00 0.00 4/26/2012 0.00 0.00 0.00 






4/29/2010 0.00 0.00 0.00 4/29/2011 0.38 0.00 5.08 4/28/2012 0.00 0.00 0.00 
4/30/2010 0.00 14.86 0.00 4/30/2011 0.00 0.00 0.00 4/29/2012 0.00 0.00 0.00 
5/1/2010 16.26 0.00 0.86 5/1/2011 0.00 0.00 0.00 4/30/2012 0.00  0.00 
5/2/2010 0.00 0.00 0.00 5/2/2011 0.00  0.00 5/1/2012 0.00 0.00 0.00 
5/3/2010 0.00 0.00 0.00 5/3/2011 0.00 0.00 0.00 5/2/2012 0.00 0.00 0.00 
5/4/2010 0.66 2.95 0.00 5/4/2011 0.00 0.00 0.00 5/3/2012 0.00 0.00 0.00 
5/5/2010 2.49 0.00 3.76 5/5/2011 0.00 0.00 0.00 5/4/2012 0.00 0.00 0.00 
5/6/2010 0.00 0.00 0.05 5/6/2011 0.00 0.00 0.00 5/5/2012 0.00 0.00 0.00 
5/7/2010 0.00 0.00 0.00 5/7/2011 0.00 0.00 0.25 5/6/2012 0.00 0.00 0.00 
5/8/2010 0.00 2.69 0.00 5/8/2011 0.00 0.00 0.00 5/7/2012 0.00 0.00 0.00 
5/9/2010 1.32 0.00 0.25 5/9/2011 0.00 0.00 0.00 5/8/2012 0.00 0.00 0.00 
5/10/2010 0.00 0.00 0.00 5/10/2011 0.00 0.00 0.00 5/9/2012 3.28 0.00 0.00 
5/11/2010 0.00 0.00 0.00 5/11/2011 0.00 0.00 0.00 5/10/2012 1.60 0.00 0.00 
5/12/2010 0.00 0.00 0.00 5/12/2011 0.00 2.24 0.00 5/11/2012 0.00 0.00 0.00 
5/13/2010 0.00 0.00 0.00 5/13/2011 0.00 0.00 0.00 5/12/2012 0.00 0.00 0.00 
5/14/2010 0.00 0.00 0.00 5/14/2011 0.64 0.94 0.00 5/13/2012 0.00 0.76 0.00 
5/15/2010 0.00 0.00 0.00 5/15/2011 0.00 0.00 0.00 5/14/2012 0.81 0.00 1.37 
5/16/2010 0.00 0.00 0.00 5/16/2011 0.00 0.00 0.00 5/15/2012 0.00 0.00 0.00 
5/17/2010 2.64 3.20 0.38 5/17/2011 0.00 0.00 0.00 5/16/2012 0.76 0.66 0.03 
5/18/2010 0.00 0.00 0.00 5/18/2011 0.00 0.00 0.00 5/17/2012 0.00 0.00 1.12 
5/19/2010 0.00 0.00 0.00 5/19/2011 0.00 0.00 0.00 5/18/2012 0.00 0.00 0.00 
5/20/2010 0.00 0.00 0.00 5/20/2011 0.00 0.00 0.00 5/19/2012 0.00 0.00 0.00 
5/21/2010 0.00 0.08 0.00 5/21/2011 0.00 10.29 0.00 5/20/2012 0.00 0.00 0.00 
5/22/2010 0.10 0.00 0.00 5/22/2011 0.00 0.00 0.00 5/21/2012 0.00 0.00 0.00 
5/23/2010 0.00 0.48 0.00 5/23/2011 0.00 0.00 0.00 5/22/2012 0.00 0.00 0.00 






5/25/2010 0.00 0.00 4.34 5/25/2011 0.00 0.00 0.00 5/24/2012 0.00 0.46 0.00 
5/26/2010 0.00 0.00 0.00 5/26/2011 0.00 0.00 0.00 5/25/2012 0.00 0.00 0.00 
5/27/2010 0.00 0.00 0.00 5/27/2011 0.00 0.00 0.00 5/26/2012 0.00 0.00 0.00 
5/28/2010 0.00 0.00 0.00 5/28/2011 0.00 0.00 0.00 5/27/2012 0.00 0.00 0.00 
5/29/2010 0.00 0.00 0.00 5/29/2011 0.00 0.00 0.64 5/28/2012 2.79 10.82 0.03 
5/30/2010 0.76 3.81 0.00 5/30/2011 0.00 0.00 0.03 5/29/2012 8.97 0.33 5.69 
5/31/2010 1.88 0.00 0.15 5/31/2011 0.00 0.00 0.00 5/30/2012 0.05 0.41 0.13 
6/1/2010 0.15 0.23 0.00 6/1/2011 0.00 0.00 0.00 5/31/2012 0.25 0.00 0.03 
6/2/2010 0.15 0.00 0.00 6/2/2011 0.00 0.00 0.00 6/1/2012 0.15 0.46 0.00 
6/3/2010 0.00 0.00 0.00 6/3/2011 0.00 0.00 0.00 6/2/2012 0.28 0.00 0.13 
6/4/2010 0.20 0.15 0.00 6/4/2011 0.00 0.69 0.00 6/3/2012 0.00 0.00 0.00 
6/5/2010 0.00 1.88 0.99 6/5/2011 0.38 0.00 0.00 6/4/2012 0.00 0.00 0.00 
6/6/2010 2.41 0.10 0.48 6/6/2011 0.00 2.29 0.00 6/5/2012  0.00 0.00 
6/7/2010 0.00 0.00 0.41 6/7/2011 1.78 0.00 0.08 6/6/2012 0.76 0.48 0.00 
6/8/2010 0.00 0.00 0.05 6/8/2011 0.00 0.00 0.46 6/7/2012 2.06 9.22 0.05 
6/9/2010 0.00 0.00 0.00 6/9/2011 0.00 0.00 0.00 6/8/2012 3.30 1.07 7.11 
6/10/2010 0.00 0.00 0.00 6/10/2011 0.00 0.00  6/9/2012 1.93 2.39 0.53 
6/11/2010 0.00 0.00 0.00 6/11/2011 0.00 0.10 0.00 6/10/2012 5.72 4.42 2.08 
6/12/2010 0.00 0.00 0.00 6/12/2011 0.25 0.00 0.00 6/11/2012 0.00 0.00 0.00 
6/13/2010 0.13 0.00 0.13 6/13/2011 0.00 0.05 0.00 6/12/2012 0.00 0.00 0.00 
6/14/2010 0.00 0.00 0.00 6/14/2011 0.28 0.00 2.13 6/13/2012 0.00 0.00 0.00 
6/15/2010 0.00 0.00 0.00 6/15/2011 0.00 0.00 0.00 6/14/2012  0.46 0.00 
6/16/2010 0.00 0.00 0.00 6/16/2011 0.13 1.63 0.03 6/15/2012 0.86 0.00 0.00 
6/17/2010 0.00 0.00 0.00 6/17/2011 0.00 1.32 0.00 6/16/2012 0.00 0.00 0.00 
6/18/2010 0.00 0.53 0.91 6/18/2011 0.00 0.00 0.00 6/17/2012 0.00 0.00 0.00 






6/20/2010 7.11 0.84 0.00 6/20/2011 0.00 0.00 0.00 6/19/2012 0.00 0.00 0.00 
6/21/2010 1.37 0.00 0.23 6/21/2011 0.00 0.00 0.00 6/20/2012 0.00 0.00 0.00 
6/22/2010 0.00 0.00 0.00 6/22/2011 0.00 0.00 0.00 6/21/2012 0.00 0.20 0.00 
6/23/2010 0.00 0.00 1.27 6/23/2011 0.00 0.00 0.00 6/22/2012 0.00 2.01 0.64 
6/24/2010 0.00 0.99 0.00 6/24/2011 0.03 0.03 0.00 6/23/2012 1.91 0.30 1.40 
6/25/2010 0.76 0.20 0.00 6/25/2011 0.03 0.00 0.99 6/24/2012 4.52 7.39 2.29 
6/26/2010 0.30 0.46 1.02 6/26/2011 0.43 0.33 0.00 6/25/2012 10.67 14.17 12.70 
6/27/2010 0.10 0.00 0.28 6/27/2011 0.00 2.97 0.00 6/26/2012 15.24 6.83 5.21 
6/28/2010 0.00 0.33 0.08 6/28/2011 0.00 0.00 0.53 6/27/2012 0.94 0.00 5.84 
6/29/2010 0.08 0.10 0.71 6/29/2011 1.60 1.07 0.00 6/28/2012 0.00 0.00 0.00 
6/30/2010 0.08 1.80 0.20 6/30/2011 0.66 2.67 0.74 6/29/2012 0.00 0.00 0.00 
7/1/2010 1.91 5.18 1.85 7/1/2011 0.00 0.08 0.79 6/30/2012 0.00 0.00 0.00 
7/2/2010 4.83 3.12 4.98 7/2/2011 0.00 0.00 0.00 7/1/2012 0.00 0.00 0.00 
7/3/2010 2.41 0.00 3.35 7/3/2011 0.00 0.00 0.00 7/2/2012 0.00 0.00 0.00 
7/4/2010 0.00 0.00 0.00 7/4/2011 0.00 0.00 0.00 7/3/2012 0.00 0.00 0.00 
7/5/2010 0.00 0.30 1.55 7/5/2011 0.00 0.00 0.00 7/4/2012 0.00 0.00 0.00 
7/6/2010 0.38 2.16 1.96 7/6/2011 0.00 0.00 0.00 7/5/2012 0.00 0.00 0.00 
7/7/2010 0.00 0.00 0.46 7/7/2011 0.00 1.47 0.00 7/6/2012 0.00 0.00 0.00 
7/8/2010 0.00 0.00 0.00 7/8/2011 1.40 0.00 1.02 7/7/2012 0.00 0.00 0.00 
7/9/2010 0.00 0.00 0.00 7/9/2011 0.00 0.00 5.08 7/8/2012 0.00 0.00 0.00 
7/10/2010 0.00 0.25 0.00 7/10/2011 0.00 2.24 0.66 7/9/2012 0.00 0.00 0.00 
7/11/2010 0.23 0.00 0.08 7/11/2011 0.74  1.57 7/10/2012 0.00 0.23 0.00 
7/12/2010 0.00 0.00 0.00 7/12/2011 0.00 0.03 0.08 7/11/2012 0.36 0.53 0.05 
7/13/2010 0.00 0.00 0.20 7/13/2011 0.00 0.00 0.00 7/12/2012 0.36 2.21 1.07 
7/14/2010 0.00 5.05 0.05 7/14/2011 0.25 0.05 0.00 7/13/2012 3.28 1.22 0.05 






7/16/2010 0.38 0.00 0.00 7/16/2011 0.46 0.15 3.35 7/15/2012 2.03 0.00 1.78 
7/17/2010 0.00 0.00 0.91 7/17/2011 0.00 0.18 0.61 7/16/2012 0.00 0.00 0.74 
7/18/2010 0.00 0.00 0.00 7/18/2011 0.10 0.00 1.14 7/17/2012 0.00 2.41 4.83 
7/19/2010 0.00 0.00 0.00 7/19/2011 0.00 0.00 0.00 7/18/2012 6.73 0.00 2.54 
7/20/2010 0.00 0.25 0.00 7/20/2011 0.00 0.00 0.00 7/19/2012 0.00 0.30 0.20 
7/21/2010 0.00 0.00 0.00 7/21/2011 0.00 0.00 0.00 7/20/2012 0.00 0.03 1.83 
7/22/2010 0.00 0.71 0.00 7/22/2011 0.28 0.00 0.00 7/21/2012 0.00 0.00 0.00 
7/23/2010 1.04 0.00 0.53 7/23/2011 5.79 2.74 0.66 7/22/2012 0.00 0.00 0.00 
7/24/2010 0.00 0.00 0.00 7/24/2011 0.03 0.81 0.00 7/23/2012 0.00 0.00 1.22 
7/25/2010 0.00 2.13 0.00 7/25/2011 0.00 0.00 0.00 7/24/2012 0.43 3.48 0.91 
7/26/2010 2.57 0.46 0.00 7/26/2011 0.05 0.38 0.00 7/25/2012 0.00 2.51 2.08 
7/27/2010 0.00 0.00 0.00 7/27/2011 0.74 0.76 3.05 7/26/2012 1.02 0.00 0.64 
7/28/2010 0.00 0.00 0.00 7/28/2011 0.00 0.00 4.80 7/27/2012 0.00 0.00 0.18 
7/29/2010 0.20 0.00 0.30 7/29/2011 0.20 0.00 0.00 7/28/2012 0.00 0.00 0.00 
7/30/2010 0.00 0.00 0.00 7/30/2011 0.00 0.00 0.00 7/29/2012 0.89 0.08 0.00 
7/31/2010 0.00 0.00 0.00 7/31/2011 0.00 0.00 0.00 7/30/2012 3.99 3.00 0.00 
8/1/2010 0.33 1.02 3.84 8/1/2011 0.46  0.00 7/31/2012 0.48 0.28 4.57 
8/2/2010 0.03 0.00 4.34 8/2/2011 0.51 0.00 0.20 8/1/2012 0.00 0.10 4.88 
8/3/2010 0.00 1.65 0.00 8/3/2011 0.00  0.00 8/2/2012 0.13 0.00 0.05 
8/4/2010 0.48 0.00 0.00 8/4/2011 0.00 0.00 0.00 8/3/2012 2.03 0.23 0.00 
8/5/2010 2.08 0.00 0.00 8/5/2011 0.00 0.00 0.00 8/4/2012 0.51 0.00 0.00 
8/6/2010 0.13 0.33 4.09 8/6/2011 0.00  0.00 8/5/2012 0.66 0.18 0.00 
8/7/2010 1.02 0.84 0.00 8/7/2011 1.07 0.71 0.00 8/6/2012 1.32 0.36 2.54 
8/8/2010 0.53 0.00 1.45 8/8/2011 1.85 3.66 0.00 8/7/2012 0.91 2.39 7.11 
8/9/2010  0.03 0.03 8/9/2011 3.00 2.26 0.00 8/8/2012 2.31 0.53 0.56 






8/11/2010 0.08 0.15 0.00 8/11/2011 0.00 0.00 0.00 8/10/2012 0.56 0.43 0.00 
8/12/2010  2.16 3.76 8/12/2011 0.00 0.15 0.00 8/11/2012 0.00 0.00 0.25 
8/13/2010 1.02 0.74 0.74 8/13/2011 0.00 0.00 0.23 8/12/2012 0.00 1.09 0.00 
8/14/2010 1.73 3.05 1.09 8/14/2011 0.00 2.51 0.00 8/13/2012 2.06 0.00 0.00 
8/15/2010 0.08  0.05 8/15/2011 1.93 0.00 0.00 8/14/2012 0.00 0.25 0.00 
8/16/2010 0.00  0.18 8/16/2011 0.00 0.00 0.00 8/15/2012 2.03 2.79 0.00 
8/17/2010 0.00 0.00 0.00 8/17/2011 0.08 1.04 0.00 8/16/2012 0.00 0.18 0.38 
8/18/2010 0.00 0.00 2.77 8/18/2011 0.08 0.00 0.00 8/17/2012 4.83 1.04 0.36 
8/19/2010 0.00 0.00 0.00 8/19/2011 0.00 0.00 0.05 8/18/2012 0.00 0.00 2.16 
8/20/2010 0.36 0.56 0.00 8/20/2011 0.00 0.15 0.00 8/19/2012 1.27 1.22 0.28 
8/21/2010 0.86 0.66 0.10 8/21/2011 0.10 0.00 0.25 8/20/2012 8.43 7.29 0.43 
8/22/2010 0.18 0.08 3.78 8/22/2011 0.00 0.00 0.00 8/21/2012 4.45 5.46 1.63 
8/23/2010 0.13 4.09 1.70 8/23/2011 0.00 1.17 1.14 8/22/2012 9.78 2.87 5.21 
8/24/2010 3.81 1.27 3.84 8/24/2011 1.45 0.00 0.03 8/23/2012 0.41 0.41 2.90 
8/25/2010 0.13 0.00 5.18 8/25/2011 0.00 0.00 0.00 8/24/2012 0.00 0.00 0.38 
8/26/2010 2.11 6.45 0.56 8/26/2011 0.00 0.00 0.03 8/25/2012 0.00 0.05 0.03 
8/27/2010 3.12 0.61 0.86 8/27/2011 0.00 0.00 0.00 8/26/2012 0.00 0.00 0.00 
8/28/2010 0.30 0.03 0.25 8/28/2011 0.00 0.00 0.00 8/27/2012 0.13 0.46 0.00 
8/29/2010 0.00 0.00 0.05 8/29/2011 0.00 0.00 0.00 8/28/2012 0.05 0.03 1.32 
8/30/2010 0.00 0.00 0.00 8/30/2011 0.00 0.00 0.00 8/29/2012 0.05 0.81 0.20 
8/31/2010 0.00 0.00 0.00 8/31/2011 0.00 0.05 0.00 8/30/2012 1.02 0.05 0.89 
9/1/2010 0.00 0.00 0.00 9/1/2011 0.25 0.00 0.20 8/31/2012 0.00 0.61 0.03 
9/2/2010 0.00 0.00 0.00 9/2/2011 0.00 0.00 0.00 9/1/2012 0.08 0.10 0.94 
9/3/2010 0.00 0.00 0.00 9/3/2011 0.00 0.00 0.00 9/2/2012 0.00 0.00 1.02 
9/4/2010 0.00 0.00 0.00 9/4/2011 0.10 3.33 0.05 9/3/2012 0.00 0.08 0.00 






9/6/2010 0.00 0.00 0.00 9/6/2011 1.78 0.00 0.66 9/5/2012 0.71 0.64 0.38 
9/7/2010 0.00 0.10 0.84 9/7/2011 0.00 0.00 0.05 9/6/2012 0.00 0.05 0.15 
9/8/2010 0.00 0.00 0.15 9/8/2011 0.00 0.00 0.00 9/7/2012 0.00 0.03 0.46 
9/9/2010 0.00 0.33 0.00 9/9/2011 0.00 0.00 0.00 9/8/2012 0.05 0.79 0.25 
9/10/2010 0.00 0.00 0.00 9/10/2011 0.00 0.00 0.00 9/9/2012 0.91 0.03  
9/11/2010 0.00 0.00 0.00 9/11/2011 0.00 0.00 0.00 9/10/2012 0.00 0.03 0.28 
9/12/2010 0.00 0.00 0.05 9/12/2011 0.00 0.00 0.00 9/11/2012 0.00 0.08 0.00 
9/13/2010 0.00 0.00 0.00 9/13/2011 0.00 0.00 0.00 9/12/2012 0.00 0.18 0.00 
9/14/2010 0.00 0.00 0.00 9/14/2011 0.00 0.00 0.00 9/13/2012 0.00 0.03 0.00 
9/15/2010 0.00 0.00 0.00 9/15/2011 0.00 0.00 0.00 9/14/2012 0.00 0.00 0.00 
9/16/2010 0.00 0.00 0.00 9/16/2011 0.00 0.00 0.00 9/15/2012 0.00 0.00 0.00 
9/17/2010 0.00 0.00 0.00 9/17/2011 0.00 0.00 0.00 9/16/2012 0.00 0.05 0.00 
9/18/2010 0.00 0.00 0.00 9/18/2011 0.00 0.00 0.00 9/17/2012 0.00 0.08 0.84 
9/19/2010 0.00 0.00 0.00 9/19/2011 0.00 0.00 0.00 9/18/2012 5.41 4.75 1.14 
9/20/2010 0.00 0.00 0.00 9/20/2011 0.00 0.00 0.08 9/19/2012 0.03 0.03 0.58 
9/21/2010 0.00 0.08 0.00 9/21/2011 0.99 1.37 0.00 9/20/2012 4.09 3.86 0.00 
9/22/2010 0.00 0.00 0.00 9/22/2011 0.03 0.18 0.00 9/21/2012 0.00 0.05 0.00 
9/23/2010 0.00 0.00 0.00 9/23/2011 0.05 0.00 0.03 9/22/2012 0.00 0.03 0.00 
9/24/2010 0.00 0.00 0.00 9/24/2011 0.00 0.00 0.03 9/23/2012 0.00 0.00 0.00 
9/25/2010 0.00 0.00 0.51 9/25/2011 0.00 0.00 0.00 9/24/2012 0.00 0.00 0.00 
9/26/2010 0.71 2.82 3.68 9/26/2011 0.03 0.15  9/25/2012 0.00 0.03 0.00 
9/27/2010 11.68 11.02 1.02 9/27/2011 0.00 0.00  9/26/2012 0.00 0.18 0.00 
9/28/2010 0.20 0.00 6.73 9/28/2011 0.00 0.00 0.00 9/27/2012 0.00 0.05 0.00 
9/29/2010 0.51 0.94 0.28 9/29/2011 0.00 0.00 0.00 9/28/2012 0.00 0.05 0.00 
9/30/2010 0.79 0.00 0.13 9/30/2011 0.00 0.00 0.00 9/29/2012 0.00 0.05 0.00 






10/2/2010 0.00 0.00 0.00 10/2/2011 0.00 0.00 0.00 10/1/2012 0.00 0.66 0.00 
10/3/2010 0.00 0.00 0.00 10/3/2011 0.00 0.00 0.00 10/2/2012 2.79 1.07 0.66 
10/4/2010 0.00 0.00 0.00 10/4/2011 0.00 0.00 0.00 10/3/2012 2.11 3.78 0.69 
10/5/2010 0.00 0.00 0.00 10/5/2011 0.00 0.00 0.00 10/4/2012 1.52 0.43 5.79 
10/6/2010 0.00 0.00 0.00 10/6/2011 0.00 0.00 0.00 10/5/2012 1.07 0.03 0.13 
10/7/2010 0.00 0.00 0.00 10/7/2011 0.00 0.03 0.18 10/6/2012 0.00 0.05 0.13 
10/8/2010 0.00 0.00 0.00 10/8/2011  1.65 0.00 10/7/2012 0.03 0.00 0.00 
10/9/2010 0.00 0.00 0.00 10/9/2011  0.48 0.13 10/8/2012 0.00 0.30 0.03 
10/10/2010 0.00 0.00 0.00 10/10/2011 0.15 0.38 1.12 10/9/2012 0.00 0.00 1.91 
10/11/2010 0.00 0.00 0.00 10/11/2011 0.66 0.36 1.07 10/10/2012 0.00 0.00 0.00 
10/12/2010 0.00 0.00 0.00 10/12/2011 0.20 0.00 0.33 10/11/2012 0.00 0.00 0.00 
10/13/2010 0.00 0.00 0.00 10/13/2011 0.00 0.00 0.05 10/12/2012 0.00 0.00 0.00 
10/14/2010 0.00 0.00 0.00 10/14/2011 0.00 0.00 0.00 10/13/2012 0.00 0.05 0.00 
10/15/2010 0.00 0.00 0.00 10/15/2011 0.00 0.00 0.00 10/14/2012 0.00 0.05 0.00 
10/16/2010 0.00 0.00 0.00 10/16/2011 0.00 0.00 0.00 10/15/2012 0.00 0.00 0.00 
10/17/2010 0.00 0.00 0.00 10/17/2011 0.00 0.00 0.00 10/16/2012 0.00 0.00 0.00 
10/18/2010 0.00 0.00 0.00 10/18/2011 0.00 2.74 0.00 10/17/2012  0.00 0.00 
10/19/2010 0.00 0.00 0.00 10/19/2011 3.05 0.00 0.03 10/18/2012 0.00 0.33 0.00 
10/20/2010 0.00 0.00 0.00 10/20/2011 0.00 0.00 0.00 10/19/2012 0.18 0.18 0.23 
10/21/2010 0.00 0.00 0.00 10/21/2011 0.00 0.00 0.00 10/20/2012 0.00 0.00 0.00 
10/22/2010 0.00 0.00 0.00 10/22/2011 0.00 0.00 0.00 10/21/2012 0.00 0.00 0.00 
10/23/2010 0.00 0.00 0.00 10/23/2011 0.00 0.00 0.00 10/22/2012 0.00 0.05 0.00 
10/24/2010 0.00 0.00 0.00 10/24/2011 0.00 0.00 0.00 10/23/2012 0.00 0.05 0.00 
10/25/2010 0.00 0.00 0.00 10/25/2011 0.00 0.00 0.00 10/24/2012 0.00 0.03 0.00 
10/26/2010 0.00 0.00 0.00 10/26/2011 0.00 0.00  10/25/2012 0.00 0.10 0.00 






10/28/2010 0.00 0.56 0.00 10/28/2011 0.00 0.23 0.03 10/27/2012 0.00 0.00 0.00 
10/29/2010 0.64 0.00 0.05 10/29/2011 0.38 0.15 1.32 10/28/2012 0.00 0.00 0.00 
10/30/2010 0.00 0.00 0.00 10/30/2011 0.00 0.00 0.00 10/29/2012 0.00 0.00 0.00 
10/31/2010 0.00 0.00 0.00 10/31/2011 0.00 0.00 0.28 10/30/2012 0.00 0.00 0.00 
11/1/2010 0.00 0.00 0.00 11/1/2011 0.00 0.00 0.00 10/31/2012 0.00 0.00 0.00 
11/2/2010 0.00 0.00 0.00 11/2/2011 0.00 0.00 0.00 11/1/2012 0.03 0.10 0.00 
11/3/2010 0.00 0.20 0.00 11/3/2011 0.00 0.00 0.00 11/2/2012 0.00 0.00 0.00 
11/4/2010 0.00 1.22 0.15 11/4/2011 0.25 0.23 0.15 11/3/2012 0.00 0.03 0.00 
11/5/2010 0.00 0.00 1.52 11/5/2011 0.00 0.00 0.00 11/4/2012 0.00 0.03 0.00 
11/6/2010 0.00 0.00 0.00 11/6/2011 0.00 0.00 0.00 11/5/2012 0.00 0.00 0.00 
11/7/2010 0.00 0.00 0.00 11/7/2011 0.00 0.00 0.00 11/6/2012 0.08 0.15 0.20 
11/8/2010 0.00 0.00 0.00 11/8/2011 0.00 0.00 0.05 11/7/2012 0.00 0.00 0.00 
11/9/2010 0.00 0.00 0.00 11/9/2011 0.00 0.00 0.03 11/8/2012 0.00 0.00 0.00 
11/10/2010 0.00 0.00 0.00 11/10/2011 0.00 0.00 0.00 11/9/2012 0.00 0.00 0.00 
11/11/2010 0.00 0.00 0.00 11/11/2011 0.00 0.00 0.00 11/10/2012 0.00 0.00 0.00 
11/12/2010 0.00 0.00 0.00 11/12/2011 0.00 0.00  11/11/2012 0.00 0.03 0.00 
11/13/2010 0.00 0.00 0.00 11/13/2011 0.00 0.00 0.00 11/12/2012 0.00 0.03 0.00 
11/14/2010 0.00 0.00 0.00 11/14/2011 0.00  0.00 11/13/2012 0.00 0.00 0.00 
11/15/2010 0.00 0.00 0.00 11/15/2011 0.00 0.00 0.00 11/14/2012 0.00 0.00 0.00 
11/16/2010 0.36 0.38 0.00 11/16/2011 0.00 0.33 0.00 11/15/2012 0.00 0.00 0.00 
11/17/2010 0.00 0.00 0.48 11/17/2011 0.43 0.00 0.91 11/16/2012 0.00 0.00 0.00 
11/18/2010 0.00 0.00 0.00 11/18/2011 0.00 0.00 0.00 11/17/2012 0.00 0.00 0.00 
11/19/2010 0.00 0.00 0.00 11/19/2011 0.00 0.00 0.00 11/18/2012 0.00 0.00 0.76 
11/20/2010 0.00 0.00 0.00 11/20/2011 0.00 0.00 0.03 11/19/2012 0.00 0.00 0.00 
11/21/2010 0.00 0.00 0.00 11/21/2011 0.00 0.00 0.00 11/20/2012 0.00 0.03 0.00 






11/23/2010 0.00 0.00 0.00 11/23/2011 0.71 0.28 1.17 11/22/2012 0.00 0.00  
11/24/2010 0.00 0.00 0.00 11/24/2011 0.00 0.00  11/23/2012 0.00 0.00 0.00 
11/25/2010 0.00 0.00 0.00 11/25/2011 0.00 0.00 0.00 11/24/2012 0.00 0.00 0.00 
11/26/2010 0.00 0.33 0.00 11/26/2011 0.00 0.00 0.00 11/25/2012  0.00 0.00 
11/27/2010 0.28 0.00 0.25 11/27/2011 0.00 0.00 0.00 11/26/2012  0.00 0.00 
11/28/2010 0.00 0.00 0.00 11/28/2011 1.19 1.09 0.00 11/27/2012  0.03 0.00 
11/29/2010 0.00 0.00 0.00 11/29/2011 0.00 0.00 0.94 11/28/2012  0.00 0.00 
11/30/2010 0.00 0.66 0.05 11/30/2011 0.00 0.00 0.00 11/29/2012 0.00 0.00 0.00 
12/1/2010 1.85 1.07 0.81 12/1/2011 0.00 0.00 0.00 11/30/2012 0.00 0.00 0.00 
12/2/2010 0.00 0.00 0.00 12/2/2011 0.00  0.00 12/1/2012 0.00 0.00 0.00 
12/3/2010 0.00 0.00 0.00 12/3/2011 0.00 0.00 0.00 12/2/2012 0.00 0.00 0.00 
12/4/2010 0.00 0.00 0.00 12/4/2011 0.00 0.00 0.00 12/3/2012 0.00 0.00 0.00 
12/5/2010 0.00 0.00 0.03 12/5/2011 0.00  0.00 12/4/2012 0.00 0.00 0.00 
12/6/2010 0.00 0.00 0.00 12/6/2011 0.00  0.00 12/5/2012 0.00 0.00 0.00 
12/7/2010 0.00 0.00 0.00 12/7/2011 0.25  0.00 12/6/2012 0.00 0.00 0.00 
12/8/2010 0.00 0.00 0.00 12/8/2011 0.00 0.00 0.10 12/7/2012 0.00 0.03 0.00 
12/9/2010 0.00 0.00 0.00 12/9/2011 0.00 0.00 0.00 12/8/2012 0.00 0.00 0.00 
12/10/2010 0.00 0.00 0.00 12/10/2011 0.00 0.00 0.00 12/9/2012 0.00 0.00 0.00 
12/11/2010 0.00 0.00 0.00 12/11/2011 0.00 0.00 0.00 12/10/2012 0.00 0.00 0.00 
12/12/2010 1.17 0.89 0.00 12/12/2011 4.19 3.73 0.08 12/11/2012 0.00 0.00 0.15 
12/13/2010 0.00 0.00 0.56 12/13/2011 0.00 0.00 0.33 12/12/2012 0.15 2.21 0.00 
12/14/2010 0.00 0.00 0.00 12/14/2011 0.00 0.00 0.00 12/13/2012 2.03 0.00 1.14 
12/15/2010 0.00 0.00 0.00 12/15/2011 0.00 0.00 0.00 12/14/2012 0.00 0.00 0.00 
12/16/2010 0.00 0.00 0.00 12/16/2011 0.00 0.00 0.00 12/15/2012 0.00 0.00 0.00 
12/17/2010 0.71 0.76 0.00 12/17/2011 0.00 0.00 0.00 12/16/2012 0.00 0.03 0.00 






12/19/2010 0.00 0.00 0.18 12/19/2011 0.00 0.00 0.00 12/18/2012 1.27 0.00  
12/20/2010 0.00 0.00 0.03 12/20/2011 0.00 0.00 0.00 12/19/2012 0.00 0.03 0.00 
12/21/2010 0.00 0.00 0.00 12/21/2011 0.00 0.00 0.00 12/20/2012 0.00 1.75 0.00 
12/22/2010 0.00 0.00 0.00 12/22/2011 0.00 0.00 0.00 12/21/2012 1.65 0.00 0.00 
12/23/2010 0.00 0.00 0.00 12/23/2011 0.74 0.71 0.00 12/22/2012 0.00 0.03 0.00 
12/24/2010 0.00 0.00  12/24/2011 0.03 0.00 0.00 12/23/2012 0.00 0.00 0.00 
12/25/2010 0.00 2.49  12/25/2011 0.00 0.00 0.00 12/24/2012 0.00 0.03 0.00 
12/26/2010 2.36 0.00  12/26/2011 0.00 0.00 0.00 12/25/2012 0.00 0.00  
12/27/2010 0.00 0.00 0.00 12/27/2011 0.89 0.94 0.20 12/26/2012 0.97 1.02 0.00 
12/28/2010 0.00 0.00 0.00 12/28/2011 0.00 0.00 0.15 12/27/2012 0.00 0.03 2.67 
12/29/2010 0.00 0.00 0.00 12/29/2011 0.00 0.00 0.00 12/28/2012 0.00 0.00 0.00 
12/30/2010 0.00 0.00 0.00 12/30/2011 0.00 0.00 0.00 12/29/2012 0.53 0.25 1.02 
12/31/2010 0.00 0.00 0.00 12/31/2011 0.00 0.00 0.03 12/30/2012 0.00 0.03 0.00 
















Table D: Total monthly precipitation (P) for each SERCC station: Perry, Perry-Foley, 
and Sea Hag Marina and Thiessen Polygon area weighted precipitation for each 
month of 2010, 2011, and 2012. The SERCC Perry Station accounts for 52.47%, 
Perry-Foley accounts for 30.16% and Sea Hag Marina accounts for 17.4% of the 
Taylor County area. 










Jan-10 0.295 0.124 0.114 0.211 
Feb-10 0.121 0.096 0.112 0.114 
Mar-10 0.115 0.105 0.103 0.110 
Apr-10 0.013 0.156 0.032 0.044 
May-10 0.261 0.132 0.117 0.195 
Jun-10 0.133 0.138 0.070 0.115 
Jul-10 0.161 0.200 0.162 0.168 
Aug-10 0.185 0.240 0.392 0.257 
Sep-10 0.139 0.153 0.134 0.140 
Oct-10 0.006 0.006 0.001 0.004 
Nov-10 0.006 0.028 0.025 0.016 
Dec-10 0.070 0.059 0.030 0.052 
Jan-11 0.255 0.218 0.168 0.229 
Feb-11 0.065 0.059 0.108 0.071 
Mar-11 0.130 0.117 0.065 0.115 
Apr-11 0.078 0.074 0.070 0.075 
May-11 0.006 0.135 0.009 0.046 
Jun-11 0.056 0.131 0.050 0.077 
Jul-11 0.124 0.113 0.230 0.139 
Aug-11 0.110 0.117 0.055 0.103 
Sep-11 0.069 0.071 0.073 0.070 
Oct-11 0.044 0.060 0.045 0.049 
Nov-11 0.026 0.022 0.033 0.026 
Dec-11 0.061  0.009 0.050 
Jan-12 0.053 0.038 0.040 0.046 
Feb-12 0.051 0.035 0.046 0.045 
Mar-12 0.059 0.081 0.021 0.059 
Apr-12 0.025 0.009 0.072 0.028 
May-12 0.185 0.134 0.084 0.152 
Jun-12 0.483 0.494 0.380 0.469 
Jul-12 0.196 0.179 0.243 0.199 
 95 
 
Aug-12 0.429 0.288 0.316 0.367 
Sep-12 0.113 0.113 0.061 0.104 
Oct-12 0.077 0.072 0.096 0.079 
Nov-12 0.002 0.004 0.010 0.004 












































Table E: Total monthly potential evapotranspiration (PET) for each SERCC station: 
Perry, Perry-Foley, and Sea Hag Marina and Thiessen Polygon area weighted 
precipitation for each month of 2010, 2011, and 2012. The SERCC Perry Station 
accounts for 52.47%, Perry-Foley accounts for 30.16% and Sea Hag Marina 
accounts for 17.4% of the Taylor County area.  
  











Jan-10 0.013 0.011 0.012 0.012 
Feb-10 0.013 0.013 0.013 0.013 
Mar-10 0.032 0.032 0.029 0.031 
Apr-10 0.075 0.073 0.074 0.075 
May-10 0.138 0.135 0.127 0.135 
Jun-10 0.182 0.175 0.163 0.177 
Jul-10 0.184 0.180 0.176 0.181 
Aug-10 0.176 0.169 0.166 0.172 
Sep-10 0.140 0.138 0.141 0.140 
Oct-10 0.072 0.074 0.077 0.074 
Nov-10 0.041 0.040 0.045 0.041 
Dec-10 0.010 0.008 0.008 0.009 
Jan-11 0.011 0.010 0.012 0.011 
Feb-11 0.031 0.029 0.028 0.030 
Mar-11 0.058 0.052 0.050 0.055 
Apr-11 0.085 0.082 0.079 0.083 
May-11 0.117 0.117 0.102 0.114 
Jun-11 0.183 0.182 0.156 0.178 
Jul-11 0.171 0.181 0.166 0.173 
Aug-11 0.175 0.182 0.170 0.176 
Sep-11 0.124 0.129 0.128 0.126 
Oct-11 0.063 0.065 0.068 0.065 
Nov-11 0.044 0.043 0.048 0.045 
Dec-11 0.032 0.032 0.032 0.032 
Jan-12 0.025 0.023 0.024 0.024 
Feb-12 0.037 0.037 0.000 0.031 
Mar-12 0.070 0.071 0.067 0.070 
Apr-12 0.082 0.081 0.077 0.081 
May-12 0.133 0.137 0.129 0.134 
Jun-12 0.145 0.150 0.150 0.148 
Jul-12 0.172 0.176 0.163 0.172 
 97 
 
Aug-12 0.158 0.160 0.150 0.158 
Sep-12 0.129 0.128 0.133 0.129 
Oct-12 0.078 0.072 0.092 0.079 
Nov-12 0.033 0.029 0.036 0.032 


























Table F: Total daily temperature for each SERCC station: Perry, Perry-Foley, and Sea Hag Marina and Thiessen Polygon area 
weighted precipitation for each month of 2010, 2011, and 2012. The SERCC Perry Station accounts for 52.47%, Perry-Foley 







































15.6 9.4 16.1 13.82 1/1/2011 17.8 18.3 17.8 17.96 1/1/2012 17.2 16.7 16.7 16.97 
1/2/2010 6.7 5.3 8.3 6.56 1/2/2011 19.5 13.3 17.8 17.34 1/2/2012 14.7 11.1 15.6 13.78 
1/3/2010 3.6 1.1 5 3.09 1/3/2011 8.6 8.3 11.1 8.95 1/3/2012 9.1 2.2 7.8 6.80 
1/4/2010 1.1 1.9 1.7 1.45 1/4/2011 9.1 10.3 9.7 9.57 1/4/2012 2.2 3.6 1.7 2.54 
1/5/2010 2.5 1.9 2.2 2.27 1/5/2011 10.6 11.1 10.2 10.68 1/5/2012 8.6 10 2.2 7.91 
1/6/2010 0 1.1 1.4 0.58 1/6/2011 11.9 10.6 13.4 11.77 1/6/2012 11.4 11.9 8.6 11.07 
1/7/2010 2.2 2.8 1.7 2.29 1/7/2011 6.9 7.8 7.5 7.28 1/7/2012 16.4 15.6 10.6 15.15 
1/8/2010 6.4 4.7 3.3 5.35 1/8/2011 12.2 7.8 8.6 10.25 1/8/2012 14.7 15.8 13.4 14.81 
1/9/2010 1.1 -0.8 3.3 0.91 1/9/2011 6.9 4.7 8.4 6.50 1/9/2012 16.4 16.9 13.6 16.07 
1/10/2010 -3.1 -1.4 -1.4 -2.29 1/10/2011 7.5 8.3 7.2 7.69 1/10/2012 15.6 16.7 14.7 15.78 
1/11/2010 -0.8 0 0 -0.42 1/11/2011 5 3.1 10.2 5.33 1/11/2012 17.5  16.1 11.98 
1/12/2010 2.8 3.6 -0.3 2.50 1/12/2011 2.2 2.2 3 2.34 1/12/2012 13.4 14.2 13.9 13.73 
1/13/2010 4.2 3.1 3.6 3.77 1/13/2011 0.8 1.7 2.2 1.32 1/13/2012 11.4 7.2 12.5 10.33 
1/14/2010 5.6 6.7 3.9 5.64 1/14/2011 1.4 2.2 2 1.75 1/14/2012 4.4 5.6 3.6 4.62 
1/15/2010 12.2 13.3 10 12.15 1/15/2011 3.7 5 5 4.32 1/15/2012 10.9 9.4 6.4 9.67 
1/16/2010 16.4 15.6 15 15.92 1/16/2011 7.2 8.1 6.9 7.42 1/16/2012 10.6 10.6 9.1 10.34 
1/17/2010 17.2 15.3 15.3 16.30 1/17/2011 10.8 10.8 10.6 10.77 1/17/2012 13.6 14.2 11.1 13.35 
1/18/2010 14.2 11.9 13.6 13.41 1/18/2011 13.9 14.4 12.2 13.76 1/18/2012 17 11.4 15 14.97 






1/20/2010 13.3 13.9 10.3 12.96 1/20/2011 10.2 10.3 11.4 10.44 1/20/2012 10.2 12.8 10.9 11.11 
1/21/2010 16.1 16.7 11.9 15.55 1/21/2011 13.9 9.7 13.1 12.50 1/21/2012 17.2 15.8 13.4 16.12 
1/22/2010 19.4 17.8 17.5 18.59 1/22/2011 3.8 3.9 8.1 4.58 1/22/2012 19.7 19.7 18.4 19.48 
1/23/2010 17.2 15.8 15.3 16.45 1/23/2011 3.3 4.2 3.9 3.68 1/23/2012 18.9 19.4 18.6 19.00 
1/24/2010 20 20.3 17.2 19.61 1/24/2011 6.7 8.1 5.6 6.93 1/24/2012 20 19.7 18.6 19.67 
1/25/2010 18.1 14.4 19.2 17.18 1/25/2011 14.4 13.9 10.6 13.59 1/25/2012 19.2 19.4 18.6 19.16 
1/26/2010 11.1 11.9 10.8 11.29 1/26/2011 12.8 9.4 14.4 12.06 1/26/2012 19.5 20.6 20.5 20.01 
1/27/2010 9.2 8.6 9.2 9.02 1/27/2011 9.8 5.8 7.2 8.14 1/27/2012 20 13.6 20.5 18.16 
1/28/2010 9.2 9.7 9.2 9.35 1/28/2011 8.3 8.6 6.1 8.01 1/28/2012 11.4 12.5 11.7 11.79 
1/29/2010 13.3 13.3 11.1 12.92 1/29/2011 12.2 12.2 9.1 11.66 1/29/2012 12.2 11.1 13.6 12.12 
1/30/2010 17.5  15.6 11.90 1/30/2011 12.5 12.8 11.1 12.35 1/30/2012 9.1 10 10.9 9.69 
1/31/2010 13.6  11.9 9.21 1/31/2011 15.3 16.1 11.4 14.87 1/31/2012 12.2 15.3 11.4 13.00 
2/1/2010 8.9  8.9 6.22 2/1/2011 16.1 17.2 16.4 16.49 2/1/2012 16.9 17.5 15.3 16.81 
2/2/2010 14.2  11.7 9.49 2/2/2011 20 17.8 16.7 18.77 2/2/2012 17.8 17.8 18 17.84 
2/3/2010 10.8 10.6 12.2 10.99 2/3/2011 15 11.1 14.4 13.72 2/3/2012 17.8 18.6 19.1 18.27 
2/4/2010 13.9 15.3 12.5 14.08 2/4/2011 10.9 12.8 8.6 11.08 2/4/2012 19.1 20 20.3 19.59 
2/5/2010 18.1 18.1 16.7 17.86 2/5/2011 14.1 15 14.1 14.38 2/5/2012 19.5 20.3 19.5 19.75 
2/6/2010 13.9 11.4 16.9 13.67 2/6/2011 10 10.8 11.9 10.57 2/6/2012 20 19.4 17.8 19.44 
2/7/2010 10 7.2 9.2 9.02 2/7/2011 11.9 11.1 10.2 11.37 2/7/2012 19.5 16.1 20.3 18.62 
2/8/2010 6.9 8.1 7.2 7.32 2/8/2011 5.6 6.4 8.1 6.28 2/8/2012 13.9 15 15.2 14.46 
2/9/2010 10 12.8 9.2 10.71 2/9/2011 6.7 7.5 5.6 6.75 2/9/2012 14.2 11.9 15.6 13.75 
2/10/2010 8.9 5 11.1 8.11 2/10/2011 10 8.9 8.4 9.39 2/10/2012 11.6 12.8 12.5 12.12 
2/11/2010 3.3 2.8 4.7 3.39 2/11/2011 9.1 7.8 5.8 8.14 2/11/2012 11.9 9.2 14.2 11.49 
2/12/2010 5 4.4 3.9 4.63 2/12/2011 5.6 7.2 6.9 6.31 2/12/2012 6.2 3.3 5.8 5.26 
2/13/2010 5.3 4.7 4.4 4.96 2/13/2011 7.5 8.3 7.8 7.80 2/13/2012 3.3 4.7 3.1 3.69 







2/15/2010 7.2 6.9 4.4 6.62 2/15/2011 11.6 12.2 8.4 11.23 2/15/2012 19.5 20.3 11.9 18.42 
2/16/2010 4.4 3.9 6.4 4.60 2/16/2011 14.1 14.2 14.7 14.24 2/16/2012 19.1 18.9  15.72 
2/17/2010 3.6 5 2.8 3.88 2/17/2011 14.7  14.1 10.17 2/17/2012 19.5 19.7  16.17 
2/18/2010 5.3 6.7 5 5.67 2/18/2011 15.6 15.6 14.4 15.40 2/18/2012 18.6 20 17.5 18.84 
2/19/2010 7.2 8.9 6.7 7.63 2/19/2011 17.2 17.2 14.8 16.79 2/19/2012 20.9 18.6  16.58 
2/20/2010 10.3 11.7 8.9 10.48 2/20/2011 18 18.3 17.5 18.01 2/20/2012 13.6 11.7  10.66 
2/21/2010 11.9 12.2 11.4 11.91 2/21/2011 17.5 17.2 17.8 17.47 2/21/2012 12.2 13.6  10.50 
2/22/2010 17.8 15.6 14.7 16.60 2/22/2011 22 20.6 18.9 21.04 2/22/2012 15 15.6  12.58 
2/23/2010 14.7 15.6 16.4 15.27 2/23/2011 18.9 19.4 17 18.73 2/23/2012 20.8 23.1  17.88 
2/24/2010 13.3 8.3 13.3 11.80 2/24/2011 18.6 18.3 19.1 18.60 2/24/2012 22.8 20.8 20.3 21.77 
2/25/2010 5.8 5 7.5 5.86 2/25/2011 20.2 20 18.6 19.87 2/25/2012 14.8 11.7 17 14.25 
2/26/2010 4.7 5.3 3.9 4.74 2/26/2011 20  18.4 13.70 2/26/2012 10 9.7 12.5 10.35 
2/27/2010 7.5 8.6 4.2 7.26 2/27/2011 21.6 19.4 18.9 20.47 2/27/2012 13.4 16.1 11.6 13.91 
2/28/2010 7.8 8.9 9.4 8.41 2/28/2011 18.9 18.9 20 19.10 2/28/2012 15.3 18.1 19.5 16.88 
3/1/2010 9.7 10 8.3 9.55 3/1/2011 20.9  20 14.45 2/29/2012 19.8 20.3 18.6 19.75 
3/2/2010 13.9 12.2 10.8 12.85 3/2/2011 15.6 16.4 16.1 15.93 3/1/2012 21.6 20.3 20.3 20.99 
3/3/2010 10.8 10 10.9 10.58 3/3/2011 17.2 18.1 17.5 17.53 3/2/2012 21.1 22.2 20 21.25 
3/4/2010 7.5 6.4 6.9 7.07 3/4/2011 18.6 19.2 19.2 18.89 3/3/2012 18.4 20  15.69 
3/5/2010 6.1 7.5 6.4 6.58 3/5/2011 19.5 20.3 19.1 19.68 3/4/2012 15 10.8 15.8 13.88 
3/6/2010 6.7 7.8 6.7 7.03 3/6/2011 21.1 15.6 20.3 19.31 3/5/2012 10 12.5 10.6 10.86 
3/7/2010 7.8 9.2 7.5 8.17 3/7/2011 13.9 12.8 13.3 13.47 3/6/2012 15.2 15.6 11.9 14.75 
3/8/2010 11.7 11.9 8.9 11.28 3/8/2011 15 16.1 12.8 14.95 3/7/2012 17.8 18.6 17 17.91 
3/9/2010 14.7 14.2 10.6 13.84 3/9/2011 20.2 20 16.1 19.43 3/8/2012 19.8 20.3 20 19.99 
3/10/2010 15 15.3 13.1 14.76 3/10/2011 18.9 12.2 20.3 17.13 3/9/2012 19.5 19.2 20 19.50 
3/11/2010 20.6 18.1 15.9 19.03 3/11/2011 10.6 10 12.2 10.70 3/10/2012 20 20 18 19.66 







3/13/2010 14.7 15.3 16.6 15.22 3/13/2011 13.1 13.3 10.6 12.73 3/12/2012 20 21.4 20.8 20.57 
3/14/2010 12.5 12.2 13.4 12.57 3/14/2011 13.9 14.4 11.9 13.71 3/13/2012 19.5 20.8 19.8 19.95 
3/15/2010 13.3 13.1 13.4 13.26 3/15/2011 15.3 15.3 12.2 14.77 3/14/2012 20.5 21.9 18 20.49 
3/16/2010 10.6 12.2 11.6 11.26 3/16/2011 19.8 18.6 14.4 18.50 3/15/2012 22 22.2 19.5 21.63 
3/17/2010 11.1 10.6 11.4 11.00 3/17/2011 17 16.7 15.6 16.67 3/16/2012 21.7 20.8 19.4 21.03 
3/18/2010 11.7 13.3 12.8 12.38 3/18/2011 17.5 17.5 17.5 17.51 3/17/2012 21.4 21.4 19.1 21.01 
3/19/2010 13.9 14.7 12.5 13.90 3/19/2011 18 18.1 15.6 17.62 3/18/2012 20.9 21.7 19.7 20.94 
3/20/2010 14.2 14.2 13.1 14.01 3/20/2011 22.5 21.7 16.4 21.20 3/19/2012 21.1 20.8 19.7 20.77 
3/21/2010 14.2 15.8 13.6 14.58 3/21/2011 21.1 20.6 21.6 21.04 3/20/2012 22.8 22.5 20.8 22.37 
3/22/2010 15 12.5 16.7 14.55 3/22/2011 20.2 19.7 18.9 19.83 3/21/2012 22.2  22 15.48 
3/23/2010 11.1 11.9 10.6 11.26 3/23/2011 20.9 19.4 19.1 20.14 3/22/2012 22.8  22.2 15.83 
3/24/2010 13.9 14.2 11.1 13.51 3/24/2011 21.4 21.4 18.6 20.92 3/23/2012 23 23.1 22.5 22.95 
3/25/2010 16.4 16.4 13.9 15.97 3/25/2011 18 16.9 17.5 17.59 3/24/2012 23.9 23.3 22.8 23.53 
3/26/2010 18.9 17.8 16.6 18.17 3/26/2011 18.6 18.1 16.4 18.07 3/25/2012 18.9 20 20.3 19.48 
3/27/2010 15.8 16.7 14.1 15.78 3/27/2011 23.3 23.6 18 22.48 3/26/2012 18 18.9 18.6 18.38 
3/28/2010 19.7 18.6 17.2 18.94 3/28/2011 23.4 19.4 22 21.96 3/27/2012 19.7 20.3 19.8 19.90 
3/29/2010 18.1 14.2 19.5 17.17 3/29/2011 18 17.8 20 18.29 3/28/2012 22.5 21.1 19.5 21.56 
3/30/2010 13.3 14.2 14.7 13.82 3/30/2011 20.3 19.4 18.6 19.74 3/29/2012 19.7 20.3 18.6 19.70 
3/31/2010 14.7 14.7 14.2 14.62 3/31/2011 20.9 17.5 20.5 19.81 3/30/2012 20.5 20.6 18.9 20.26 
4/1/2010 17.2 17.2 14.4 16.72 4/1/2011 15 14.4 15.6 14.93 3/31/2012 20.5 22.2 20 20.93 
4/2/2010 18.6 18.6 15.6 18.08 4/2/2011 15.9 19.2 15 16.74 4/1/2012 21.6 22.5 22 21.95 
4/3/2010 20.3 18.1 18.6 19.35 4/3/2011 17 19.4 17.5 17.82 4/2/2012 23.9 24.2 21.4 23.56 
4/4/2010 19.2 18.9 17.5 18.82 4/4/2011 20 19.4 20.8 19.96 4/3/2012 24.5 23.9 21.6 23.82 
4/5/2010 20.6 20 16.9 19.78 4/5/2011 19.7 16.7 19.5 18.77 4/4/2012 23  21.7 15.84 
4/6/2010 21.1 20 18.1 20.25 4/6/2011 15.6 13.9 13.4 14.71 4/5/2012 21.6 21.4 21.1 21.46 







4/8/2010 20.3  19.4 14.03 4/8/2011 21.4 20.8 18.3 20.69 4/7/2012 15.9 16.9 17.8 16.54 
4/9/2010 19.2 16.1 19.7 18.36 4/9/2011 24.2 23.6 21.6 23.57 4/8/2012 17 17.5 18.6 17.43 
4/10/2010 15.3 15 16.7 15.46 4/10/2011 23 21.9 20.9 22.31 4/9/2012 19.1 20 16.6 18.94 
4/11/2010 19.4 20.3 20 19.78 4/11/2011 22.5 21.7 20.3 21.88 4/10/2012 19.8 20.3 18.9 19.80 
4/12/2010 18.6 19.4 20.6 19.19 4/12/2011 23.1 20.3 22.2 22.11 4/11/2012 19.1 20.3 20.5 19.71 
4/13/2010 19.4 19.7 20.3 19.65 4/13/2011 17.8 18.1 18.6 18.04 4/12/2012 18.9 18.3 18.6 18.67 
4/14/2010 21.4 21.7 21.7 21.55 4/14/2011 18.9 18.6 18.4 18.73 4/13/2012 18 20 18.4 18.68 
4/15/2010 21.4 21.1 21.9 21.40 4/15/2011 18.3 21.7 19.8 19.59 4/14/2012 20 21.7 21.4 20.76 
4/16/2010 18.1 18.3 20 18.50 4/16/2011 23.9 20.8 21.4 22.54 4/15/2012 22.2 23.3 21.4 22.40 
4/17/2010 18.6 18.3 20.3 18.81 4/17/2011 17.2 16.7 18.6 17.30 4/16/2012 23 22.8 21.4 22.67 
4/18/2010 18.9 19.4 17.5 18.81 4/18/2011 18.6 18.9 16.4 18.31 4/17/2012 22.2 22.5 20.5 22.00 
4/19/2010 20 20.3 20.6 20.20 4/19/2011 20.3 20.3 18.1 19.92 4/18/2012 23.6 23.1 21.7 23.13 
4/20/2010 19.4 19.7 20.6 19.71 4/20/2011 22.8 22.8 19.8 22.28 4/19/2012 22.5 22.5 21.7 22.37 
4/21/2010 19.4 19.7 19.2 19.46 4/21/2011 25 25.6 22.8 24.81 4/20/2012 20.3 20.3 20 20.25 
4/22/2010 19.7 20 19.2 19.71 4/22/2011 24.7 22.8 23.4 23.91 4/21/2012 22.2 21.4 19.5 21.50 
4/23/2010 20 20 19.7 19.95 4/23/2011 22.2 21.4 21.6 21.86 4/22/2012 20.3 19.2 21.1 20.11 
4/24/2010 23.6 23.3 20.8 23.03 4/24/2011 23.4 23.3 22.2 23.17 4/23/2012 19.5 15.3 17.8 17.94 
4/25/2010 23.9 21.7 23.6 23.19 4/25/2011 25 24.4 23.6 24.58 4/24/2012 12.5 13.6 13.6 13.03 
4/26/2010 21.1 20.6 21.9 21.09 4/26/2011 25 25.3 23.9 24.91 4/25/2012 16.1 16.7 13.6 15.85 
4/27/2010 18.9 17.8 18.9 18.57 4/27/2011 25.2 25.8 24.1 25.20 4/26/2012 19.8 20 16.7 19.33 
4/28/2010 15.6 14.7 16.9 15.56 4/28/2011 26.6 22.2 25 25.00 4/27/2012 20.5 20.8 19.1 20.35 
4/29/2010 16.9 16.7 15.3 16.57 4/29/2011 18.4 20 21.1 19.36 4/28/2012 22 22.8 19.5 21.81 
4/30/2010 19.2 18.1 18.6 18.77 4/30/2011 19.8 20.3 20.3 20.04 4/29/2012 23.6 25 22.2 23.79 
5/1/2010 25.6 25.3 20.3 24.60 5/1/2011 22.2 21.9 21.6 22.01 4/30/2012 25.2  22.8 17.19 
5/2/2010 25.3 26.1 25 25.50 5/2/2011 23.4  22.2 16.14 5/1/2012 26.6 27.2 25.3 26.56 







5/4/2010 26.4 25 24.7 25.69 5/4/2011 22.8 19.4 23 21.82 5/3/2012 26.1 25.8 25 25.83 
5/5/2010 25.3 25.6 25.3 25.40 5/5/2011 17.5 18.9 17.8 17.98 5/4/2012 25.5 25.8 24.5 25.42 
5/6/2010 25.6 24.7 25.8 25.37 5/6/2011 22.2 21.7 19.8 21.64 5/5/2012 24.7 24.7 22.5 24.32 
5/7/2010 24.4 24.2 24.7 24.40 5/7/2011 19.5 19.2 19.1 19.35 5/6/2012 24.1 24.4  20.00 
5/8/2010 26.7 24.4 24.7 25.67 5/8/2011 20.9 21.1 20 20.81 5/7/2012 24.7 25.3  20.59 
5/9/2010 22.8 21.1 22.2 22.19 5/9/2011 25.8 25.6 19.8 24.70 5/8/2012 25.3   13.27 
5/10/2010 20.8 21.7 22.2 21.32 5/10/2011 26.1 25.8 23 25.48 5/9/2012 23.9   12.54 
5/11/2010 23.6 23.3 22.8 23.38 5/11/2011 26.9 26.1 25.5 26.42 5/10/2012 23.1 21.9  18.73 
5/12/2010 24.4  23.9 16.96 5/12/2011 26.1 25.6 23.6 25.52 5/11/2012 20.3 21.9 21.6 21.01 
5/13/2010 24.7  23.9 17.12 5/13/2011 26.4 24.4 23.6 25.32 5/12/2012 24.5 24.7 22 24.13 
5/14/2010 25.6  23.9 17.59 5/14/2011 24.7 23.9 23.6 24.27 5/13/2012 25 25 24.8 24.97 
5/15/2010 23.9 25 23.1 24.10 5/15/2011 21.1 19.4 21.4 20.65 5/14/2012 23.6  23.6 16.49 
5/16/2010 24.7 24.4 22.2 24.18 5/16/2011 17.2 18.1 18 17.62 5/15/2012 24.1 25 24.1 24.38 
5/17/2010 25.6 24.7 25 25.23 5/17/2011 16.6 16.9 17.2 16.80 5/16/2012 24.5 23.9 23.9 24.22 
5/18/2010 24.7 24.7 24.4 24.66 5/18/2011 16.1 16.1 15.9 16.07 5/17/2012 23 24.7 23 23.52 
5/19/2010 25.6 25 23.3 25.03 5/19/2011 18.9 20.6 16.1 18.93 5/18/2012 23.6 23.1 22.2 23.21 
5/20/2010 25 25.3 23.6 24.85 5/20/2011 22.5 23.1 18.9 22.06 5/19/2012 22.8 24.4 23.9 23.48 
5/21/2010 26.1 25.8 24.7 25.77 5/21/2011 23.3 23.9 21.7 23.21 5/20/2012 22 22.8 23 22.42 
5/22/2010 25.8 26.7 26.4 26.18 5/22/2011 26.1 25.8 21.1 25.15 5/21/2012 21.4 22.5 22.5 21.93 
5/23/2010 27.2 26.9 25.3 26.79 5/23/2011 25.8 26.7 23.4 25.66 5/22/2012 26.1 25.3 22.2 25.19 
5/24/2010 27.2 26.7 24.4 26.57 5/24/2011 27.8 27.8 24.5 27.23 5/23/2012 25.5 26.1 25 25.60 
5/25/2010 26.1 23.3 24.2 24.93 5/25/2011 27.5 26.7 24.7 26.78 5/24/2012 25.9 26.7 23.6 25.75 
5/26/2010 23.3 23.3 24.2 23.46 5/26/2011 26.4 26.1 24.5 25.99 5/25/2012 28 28.9 26.4 28.00 
5/27/2010 25.3 25 24.2 25.03 5/27/2011 21.7 25.8 24.1 23.36 5/26/2012 28 28.1 28 28.04 
5/28/2010 26.7 25.6 24.2 25.94 5/28/2011 26.4 27.2 25 26.41 5/27/2012 27.8 27.8 25.5 27.41 







5/30/2010 26.1 25.3 25.6 25.78 5/30/2011 27.2 27.8 25.5 27.09 5/29/2012 25.5 26.7 24.1 25.63 
5/31/2010 25.6 25.8 25 25.56 5/31/2011 25.8 27.2 25.5 26.18 5/30/2012 26.4 26.9 26.1 26.51 
6/1/2010 26.4 26.1 24.4 25.97 6/1/2011 27 28.9 25.8 27.37 5/31/2012 25.9 26.9 26.4 26.30 
6/2/2010 25.8 25.6 25.3 25.66 6/2/2011 27.8 28.9 28.4 28.24 6/1/2012 26.4 26.4 26.1 26.36 
6/3/2010 26.9 26.4 25.6 26.53 6/3/2011 27.2 28.1 24.4 26.99 6/2/2012 25 24.4 25 24.83 
6/4/2010 26.9 27.2 26.1 26.86 6/4/2011 29.7 28.9 24.1 28.49 6/3/2012 23.9 25 23 24.08 
6/5/2010 28.1 27.5 27.5 27.82 6/5/2011 27.2 27.8 25.5 27.09 6/4/2012 26.7 26.7 25.9 26.57 
6/6/2010 27.5 26.9 26.9 27.22 6/6/2011 29.1 29.4 25.5 28.57 6/5/2012  27.2 27 12.90 
6/7/2010 29.2 28.3 27.5 28.64 6/7/2011 29.8 28.6 25.9 28.77 6/6/2012 27 26.4 26.1 26.67 
6/8/2010 27.8 27.5 26.9 27.56 6/8/2011 26.6 27.8 26.6 26.97 6/7/2012 26.1 25.8 27 26.17 
6/9/2010 26.7 26.7 27.2 26.80 6/9/2011 25.3 25.3 25.5 25.34 6/8/2012 24.1 23.1 24.7 23.91 
6/10/2010 26.4 26.9 26.9 26.65 6/10/2011 26.6 28.3  22.49 6/9/2012 23 23.9 24.7 23.57 
6/11/2010 28.3 28.1 24.7 27.62 6/11/2011 27.5 26.4 25.2 26.78 6/10/2012 25.9 26.9 25.9 26.21 
6/12/2010 29.2 29.2 25.3 28.53 6/12/2011 28.9 27.8 25.8 28.04 6/11/2012 27.2 27.5 26.7 27.21 
6/13/2010 30.3 30 27.2 29.68 6/13/2011 29.5 28.9 27 28.89 6/12/2012 27.2 26.9 26.7 27.03 
6/14/2010 29.2 28.3 27.8 28.69 6/14/2011 29.1 30.6 25.9 29.00 6/13/2012 26.6 27.8 26.7 26.99 
6/15/2010 28.9 28.9 27.5 28.67 6/15/2011 31.1 31.7 26.1 30.42 6/14/2012  27.2 26.4 12.80 
6/16/2010 29.7 29.2 28.3 29.31 6/16/2011 29.5 26.4 28.6 28.42 6/15/2012 25.5 25.6 26.1 25.64 
6/17/2010 29.4 28.3 27.5 28.75 6/17/2011 27.8 27.8 25.9 27.48 6/16/2012 23.6  24.5 16.65 
6/18/2010 28.9 28.9 26.7 28.53 6/18/2011 27.2 26.7 25.6 26.78 6/17/2012 24.7 25 25.8 24.99 
6/19/2010 28.6 27.5 26.7 27.95 6/19/2011 28 28.1 25.3 27.57 6/18/2012 24.5 25.8 25.8 25.13 
6/20/2010 28.1 26.9 27.2 27.59 6/20/2011 28 28.3 27.2 27.96 6/19/2012 25.5 26.4 25.8 25.83 
6/21/2010 27.8 26.1 27.2 27.19 6/21/2011 29.5 29.2 27.2 29.02 6/20/2012 25.9 26.4 26.9 26.23 
6/22/2010 27.5 28.1 25.8 27.39 6/22/2011 28.4 28.6 27.2 28.26 6/21/2012 26.7 27.5 27.8 27.14 
6/23/2010 28.9 28.6 27.5 28.57 6/23/2011 29.7 29.7 27.2 29.27 6/22/2012 27.5 28.3 28 27.84 







6/25/2010 29.4 28.6 27.2 28.78 6/25/2011 27.8 28.9 25.8 27.79 6/24/2012 26.4 24.2 27 25.85 
6/26/2010 28.3 28.1 27.5 28.11 6/26/2011 28.4 27.8 27.2 28.02 6/25/2012 23.6 24.2 27 24.38 
6/27/2010 29.4 29.4 27.5 29.08 6/27/2011 28 27.8 26.1 27.62 6/26/2012 22.2 23.6 24.1 22.96 
6/28/2010 28.6 28.3 28.9 28.57 6/28/2011 27.5 27.2 27 27.33 6/27/2012 23.6 24.4 22.5 23.66 
6/29/2010 29.4 26.7 28.6 28.46 6/29/2011 27.5 27.8 27.2 27.55 6/28/2012 24.1 24.7 25.3 24.50 
6/30/2010 26.9 28.1 25.8 27.08 6/30/2011 27.2 27.2 26.1 27.02 6/29/2012 26.1 25.8 24.5 25.74 
7/1/2010 28.1 24.7 27.2 26.93 7/1/2011 25.9 27.8 25 26.32 6/30/2012 27.2 27.2  22.48 
7/2/2010 26.7 26.1 24.4 26.13 7/2/2011 27.8 28.3 27.5 27.91 7/1/2012 27.2 27.8 26.6 27.28 
7/3/2010 25.8 26.1 25.3 25.81 7/3/2011 26.6 28.1 28.4 27.37 7/2/2012  28.3 26.1 13.08 
7/4/2010 26.7 26.7 26.4 26.66 7/4/2011 27.5 28.6 27.5 27.84 7/3/2012 28.6 28.6 26.4 28.23 
7/5/2010 26.4 26.7 26.4 26.50 7/5/2011 27.8 28.1 26.4 27.66 7/4/2012 27.2 26.9 27 27.08 
7/6/2010 26.9 27.5 25.8 26.90 7/6/2011 27.8 28.3 27.5 27.91 7/5/2012 27.2 27.5 26.4 27.16 
7/7/2010 26.1 27.8 26.9 26.76 7/7/2011 28 28.1 27.2 27.90 7/6/2012 28 28.1 27.2 27.90 
7/8/2010 26.4 27.2 27.5 26.84 7/8/2011 26.6 26.9 27.2 26.80 7/7/2012 27.8 28.1 26.6 27.69 
7/9/2010 27.8 27.2 28.3 27.71 7/9/2011 26.6 28.3 25.5 26.93 7/8/2012 27.8 28.3 26.7 27.77 
7/10/2010 27.5 26.7 26.9 27.16 7/10/2011 28 28.6 26.7 27.96 7/9/2012 28 28.3 27 27.92 
7/11/2010 26.9 29.4 28.1 27.87 7/11/2011 28  27 19.39 7/10/2012 28.4 28.1  23.38 
7/12/2010 31.9 28.3 28.9 30.30 7/12/2011 27.8 28.6 27 27.91 7/11/2012 28 27.5 27 27.68 
7/13/2010 28.1 28.3 27.5 28.06 7/13/2011 28 28.6 28.4 28.26 7/12/2012 28.3 28.1 26.1 27.87 
7/14/2010 29.7 28.3 28.6 29.10 7/14/2011 28 28.6 29.2 28.40 7/13/2012 28 28.1 27.8 28.00 
7/15/2010 28.3 28.6 28.3 28.40 7/15/2011 27.8 28.3 28 27.99 7/14/2012 27.8 28.3 27.5 27.91 
7/16/2010 28.6 27.8 28.1 28.28 7/16/2011 25 26.1 27 25.69 7/15/2012 28.3 28.6 27.5 28.26 
7/17/2010 27.5 28.3 27.5 27.75 7/17/2011 26.1 28.6 27 27.02 7/16/2012 28.4 28.6 27.5 28.31 
7/18/2010 28.9 29.2 28.6 28.95 7/18/2011 26.6 27.8 28 27.21 7/17/2012 28.3 27.8 27 27.93 
7/19/2010 29.2 29.2 28.3 29.05 7/19/2011 25.8 26.4 26.6 26.13 7/18/2012 27.5 26.9 25.6 27.00 







7/21/2010 29.2 29.7 28.6 29.26 7/21/2011 28.3 28.6 27.2 28.21 7/20/2012 26.6 27.8 25.8 26.83 
7/22/2010 29.2 29.4 27.5 28.97 7/22/2011 28.6 28.1 27.5 28.27 7/21/2012 26.7 27.2 27 26.91 
7/23/2010 28.9 29.4 29.2 29.11 7/23/2011 28 28.1 28.4 28.11 7/22/2012 27.8 29.2  23.39 
7/24/2010 30.3 30 29.7 30.11 7/24/2011 27 27.8 27.8 27.39 7/23/2012 28.6 28.3 29.5 28.67 
7/25/2010 30 29.7 30 29.92 7/25/2011 27.8 28.1 28 27.93 7/24/2012 28 26.9 26.1 27.35 
7/26/2010 29.7 29.7 29.2 29.62 7/26/2011 28 27.5 27.8 27.82 7/25/2012 28.9 28.9 26.1 28.42 
7/27/2010 29.4  28.9 20.45 7/27/2011 26.7 26.7 26.1 26.60 7/26/2012 29.1 26.7 28.3 28.25 
7/28/2010 29.7  29.2 20.66 7/28/2011 27.2 28.6 25.3 27.30 7/27/2012 27 27.8 27.8 27.39 
7/29/2010 29.7  29.7 20.75 7/29/2011 28.3 28.9 27.5 28.35 7/28/2012 27.8 28.6 28 28.08 
7/30/2010 30.6 31.1 29.7 30.60 7/30/2011 29.2 30 27.5 29.15 7/29/2012 28.3 28.3 28 28.26 
7/31/2010 31.7 30 30.3 30.95 7/31/2011 30 31.1 29.7 30.29 7/30/2012 27.8 26.4 28 27.42 
8/1/2010 29.7 27.8 28.3 28.89 8/1/2011 30  28.6 20.72 7/31/2012 26.4 27.2 25.9 26.56 
8/2/2010 28.9 28.6 27.8 28.63 8/2/2011 27.2 28.9 27.5 27.77 8/1/2012 27.8 27.8 25.9 27.48 
8/3/2010 30 28.9 28.3 29.38 8/3/2011 29.5  27.5 20.26 8/2/2012 28 28.3 27.2 27.96 
8/4/2010 29.4 28.9 28.9 29.17 8/4/2011 30 30 29.7 29.96 8/3/2012 28.6 28.1 26.6 28.11 
8/5/2010 28.9 29.2 28.6 28.95 8/5/2011 29.8 30 28.6 29.66 8/4/2012 28 29.2 26.4 28.09 
8/6/2010 28.3 28.3 28.1 28.27 8/6/2011 29.8  28.9 20.66 8/5/2012 29.5 26.4 29.5 28.57 
8/7/2010 28.9 28.9 27.8 28.72 8/7/2011 29.4 30.3 29.1 29.63 8/6/2012 27.2 27.2 29.5 27.61 
8/8/2010 29.2 28.9 27.8 28.87 8/8/2011 28 29.2 28.9 28.53 8/7/2012 27.5 28.1 26.4 27.50 
8/9/2010 29.4 29.2 28.3 29.16 8/9/2011 27 27.2 29.2 27.45 8/8/2012 25.9 27.5 26.4 26.48 
8/10/2010 29.4 28.3 29.4 29.08 8/10/2011 26.6 26.9 26.1 26.61 8/9/2012 27.8 28.3 27.2 27.85 
8/11/2010 28.6 28.6 28.9 28.66 8/11/2011 28.6 29.7 26.4 28.56 8/10/2012 28.6 28.6 27.5 28.42 
8/12/2010 28.9 27.8 28.6 28.52 8/12/2011 29.5 29.4 28 29.22 8/11/2012 28 27.2 27.2 27.63 
8/13/2010 28.3 28.6 27.8 28.31 8/13/2011 28.6 28.6 27.2 28.36 8/12/2012 28 28.3 27.2 27.96 
8/14/2010 28.9 28.1 28.6 28.62 8/14/2011 29.1 28.6 27.5 28.68 8/13/2012 27.8 27.8 26.7 27.62 







8/16/2010 27.8  28.1 19.48 8/16/2011 26.4 26.7 27 26.60 8/15/2012 28.4 27.8 28.4 28.23 
8/17/2010 28.6 28.3 28.9 28.57 8/17/2011 26.4 27.8 27.8 27.07 8/16/2012 27.5 28.3 26.6 27.59 
8/18/2010 29.2 28.9 28.1 28.93 8/18/2011 28.4 28.1 27.8 28.21 8/17/2012 27.8 26.9 26.1 27.24 
8/19/2010 29.2 28.9 28.1 28.93 8/19/2011 27 27.8 27.8 27.39 8/18/2012 26.4 26.9 26.4 26.56 
8/20/2010 28.9 28.6 29.4 28.91 8/20/2011 27.8 28.9 27.2 28.04 8/19/2012 27.5 26.9 25 26.89 
8/21/2010 29.4 29.4 29.4 29.41 8/21/2011 28.6 28.6 28.6 28.61 8/20/2012 25.9  26.4 18.18 
8/22/2010 29.2 28.9 26.9 28.72 8/22/2011 28.4 28.9 27 28.32 8/21/2012 24.1  25.9 17.15 
8/23/2010 28.9 28.1 28.3 28.56 8/23/2011 28 29.4 27.5 28.34 8/22/2012 24.8 25.3 22.5 24.56 
8/24/2010 28.3 27.8 27.5 28.02 8/24/2011 28.4 28.9 27.5 28.40 8/23/2012 25.2 23.9 23.9 24.59 
8/25/2010 28.3 27.8 23.6 27.34 8/25/2011 28.9 29.4 29.1 29.09 8/24/2012 24.5 25.3 24.4 24.73 
8/26/2010 28.1 26.7 26.7 27.44 8/26/2011 28.6 30.3 28.9 29.17 8/25/2012 26.1 26.4 26.1 26.20 
8/27/2010 26.9 25.6 26.4 26.43 8/27/2011 30.6 31.4 28.9 30.55 8/26/2012 25.9 25.8 27 26.07 
8/28/2010 26.4 26.4 25.8 26.30 8/28/2011 28.4 28.9 30 28.84 8/27/2012 27.8 25.6 27 27.01 
8/29/2010 26.9 26.9 26.7 26.87 8/29/2011 28.6 27.5 28 28.17 8/28/2012 26.7 28.9  22.73 
8/30/2010 26.7 27.5 27.8 27.14 8/30/2011 28.4 29.2 27.5 28.49 8/29/2012 27.8 27.8 27.8 27.81 
8/31/2010 27.2 26.9 28.1 27.27 8/31/2011 28.6 28.6 28 28.50 8/30/2012 27.5 28.1 27 27.60 
9/1/2010 26.4 27.2 27.5 26.84 9/1/2011 27.8 29.2 28.9 28.42 8/31/2012 27.8 27.8 27 27.67 
9/2/2010 26.1 25.6 26.7 26.06 9/2/2011 26.6 27.2 28.4 27.10 9/1/2012 27.5 28.1 27.8 27.74 
9/3/2010 26.1 25.6 26.4 26.01 9/3/2011 26.4 26.7 27.5 26.69 9/2/2012 28 27.5 28 27.86 
9/4/2010 26.9 25.6 25.8 26.32 9/4/2011 27.8 26.7 27.2 27.37 9/3/2012 27.2 26.7 28 27.20 
9/5/2010 27.5 26.7 27.2 27.21 9/5/2011 26.6 28.1 26.7 27.08 9/4/2012 27.2 26.7  22.32 
9/6/2010 27.5 27.2 26.7 27.28 9/6/2011 25 23.9 26.6 24.95 9/5/2012 27 26.7 26.6 26.85 
9/7/2010 27.5 27.8 26.1 27.36 9/7/2011 21.7 21.9 21.4 21.71 9/6/2012 26.1 26.7 26.6 26.38 
9/8/2010 27.5 28.1 28.3 27.83 9/8/2011 20.5 20.6 20.5 20.54 9/7/2012 26.4 26.4 23.9 25.97 
9/9/2010 27.8 28.1 28.6 28.04 9/9/2011 21.4 22.5 19.7 21.44 9/8/2012 27 26.7 27.2 26.95 







9/11/2010 28.6 28.1 26.7 28.13 9/11/2011 24.2 25.3 26.1 24.87 9/10/2012 23.6 23.6  19.50 
9/12/2010 29.4 28.9 27.2 28.88 9/12/2011 23.9 24.4 24.1 24.09 9/11/2012 25.6 25.6 26.1 25.69 
9/13/2010 27.8 28.1 26.7 27.71 9/13/2011 25  26.4 17.71 9/12/2012 25.8 25.6 25.6 25.71 
9/14/2010 28.9 28.3 29.4 28.81 9/14/2011 25.5 25.8 26.6 25.79 9/13/2012 24.7 25.6 24.8 25.00 
9/15/2010 25.3 24.4 27.2 25.37 9/15/2011 26.4 25.8 26.6 26.26 9/14/2012 25.5 26.1 26.1 25.79 
9/16/2010 25.6 25.8 26.4 25.81 9/16/2011 26.4 26.4 25 26.16 9/15/2012 26.1 26.7 27 26.45 
9/17/2010 26.4 27.5 26.1 26.69 9/17/2011 25.2 25 25.2 25.15 9/16/2012 26.7 26.7 27.8 26.90 
9/18/2010 26.1 26.1 26.9 26.25 9/18/2011 21.6 23.6 25.8 22.94 9/17/2012 27 26.7 27.5 27.00 
9/19/2010 26.1 26.1 26.9 26.25 9/19/2011 23.6 25 24.5 24.19 9/18/2012 26.7 24.2 25 25.66 
9/20/2010 25.3 25.8 26.1 25.60 9/20/2011 26.7 27.5 26.1 26.84 9/19/2012 24.1 24.2 25 24.29 
9/21/2010 26.7 26.7 26.7 26.71 9/21/2011 25.9 25.3 25.9 25.73 9/20/2012 25 23.6 24.2 24.45 
9/22/2010 26.9 26.4 27.5 26.86 9/22/2011 23.9 25 27 24.78 9/21/2012 23.9 25 25.3 24.48 
9/23/2010 26.1 26.9 26.9 26.49 9/23/2011 24.7 26.1 25.3 25.23 9/22/2012 24.7 25.8 26.1 25.28 
9/24/2010 27.8 28.1 26.9 27.74 9/24/2011 25.8 26.7 25.9 26.10 9/23/2012 25.2 23.1 24.7 24.49 
9/25/2010 28.1 26.9 28.3 27.78 9/25/2011 27.2 26.9 25.5 26.82 9/24/2012 21.6 21.4 23.9 21.95 
9/26/2010 26.1 23.6 25.6 25.27 9/26/2011 27 26.9 27 26.98 9/25/2012 21.9 22.5 23.4 22.35 
9/27/2010 23.1 23.3 26.1 23.69 9/27/2011 26.6 27.2 26.1 26.70 9/26/2012 24.5 25 25 24.75 
9/28/2010 22.2 22.8 24.2 22.74 9/28/2011 26.4 26.4 25.9 26.32 9/27/2012 24.8 26.7 25 25.42 
9/29/2010 25.3 22.2 23.3 24.02 9/29/2011 24.8 25 24.7 24.85 9/28/2012 25.8 26.1 25.9 25.92 
9/30/2010 23.6 24.7 22.5 23.75 9/30/2011 24.5 25.3 24.1 24.68 9/29/2012 25.9 25.6 27.2 26.04 
10/1/2010 21.7 22.2 22.2 21.94 10/1/2011 22 18.3 22.2 20.93 9/30/2012 26.6 26.1 27.2 26.56 
10/2/2010 21.7 21.7 23.1 21.95 10/2/2011 15.6 15 17.5 15.75 10/1/2012 26.4 26.7 27 26.60 
10/3/2010 20 20.8 22.2 20.63 10/3/2011 15 16.4 15.3 15.48 10/2/2012 26.1 24.7 26.1 25.69 
10/4/2010 19.2 18.3 20.3 19.13 10/4/2011 17.5 18.3 18.3 17.89 10/3/2012 23.6  24.5 16.65 
10/5/2010 17.2 17.5 18.3 17.49 10/5/2011 20.3 21.1 19.1 20.34 10/4/2012 23.9  24.8 16.86 







10/7/2010 16.4 17.5 17.2 16.88 10/7/2011 23.6 25 22.8 23.89 10/6/2012 25 25.8 25.6 25.35 
10/8/2010 19.7 20.6 17.2 19.54 10/8/2011 24.5 23.3 24.8 24.20 10/7/2012 25.9 26.1 25 25.81 
10/9/2010 20.6 21.4 18.9 20.55 10/9/2011 22.2 21.4 23.3 22.16 10/8/2012 25.5 22.8 25 24.61 
10/10/2010 21.9 22.2 20.8 21.81 10/10/2011 21.6 22.8 20.9 21.85 10/9/2012 21.1 19.7 23 21.01 
10/11/2010 22.2 21.9 21.4 21.98 10/11/2011 23.6 24.7 22 23.66 10/10/2012 20.9 21.7 21.4 21.23 
10/12/2010 22.5 20.8 21.4 21.80 10/12/2011 24.5 25 23.9 24.55 10/11/2012 20.5 21.1 21.1 20.79 
10/13/2010 21.4 21.4 21.9 21.49 10/13/2011 23 23.1 22.8 23.00 10/12/2012 20.3 20.6 21.6 20.62 
10/14/2010 21.9 20.8 21.1 21.44 10/14/2011 21.4 21.4 22.2 21.55 10/13/2012 23 23.6 23.6 23.29 
10/15/2010 17.5 16.1 19.4 17.41 10/15/2011 20 21.1 20.5 20.42 10/14/2012 23.6 24.4 24.5 24.00 
10/16/2010 16.4 17.5 18.3 17.07 10/16/2011 21.6 22.5 22 21.95 10/15/2012 24.5 24.4 25 24.56 
10/17/2010 16.4 17.8 19.4 17.35 10/17/2011 21.4 22.8 23.6 22.21 10/16/2012 21.6 20 20.9 21.00 
10/18/2010 14.7 17.8 19.2 16.42 10/18/2011 25 25 24.1 24.85 10/17/2012 20 20 21.4 20.25 
10/19/2010 17.5 18.6 18.1 17.94 10/19/2011 19.8 16.9 25 19.84 10/18/2012 20.9 21.1 21.6 21.09 
10/20/2010 20.3 19.7 20.3 20.13 10/20/2011 12.2 11.9 16.1 12.79 10/19/2012 23.4 20.6 23 22.49 
10/21/2010 20.8 19.2 20.3 20.24 10/21/2011 11.4 12.8 11.9 11.91 10/20/2012 17.8 17.8 21.6 18.47 
10/22/2010 18.3  19.4 12.98 10/22/2011 11.4 12.8 12.2 11.96 10/21/2012 17.2 17.5 18.4 17.50 
10/23/2010 20.8 21.7 21.1 21.13 10/23/2011 13.1 14.2 13.9 13.57 10/22/2012 18.6 19.2 19.5 18.94 
10/24/2010 22.8 22.5 21.7 22.52 10/24/2011 14.8 16.4 13.6 15.08 10/23/2012 20.5 21.4 21.6 20.97 
10/25/2010 24.2 24.7 23.3 24.20 10/25/2011 16.6 18.1 17 17.13 10/24/2012 22.8 22.8 21.1 22.51 
10/26/2010 26.1 25.6 25 25.77 10/26/2011 19.5 20.8  16.50 10/25/2012 23.3 23.9 23.6 23.54 
10/27/2010 26.4 25.6 26.1 26.11 10/27/2011 22 22.5 21.4 22.05 10/26/2012 24.1 23.6 24.5 24.03 
10/28/2010 25.6 25.3 24.7 25.36 10/28/2011 22.5 23.3 20.9 22.47 10/27/2012 22.8 20.3 22.5 22.00 
10/29/2010 21.9 18.1 22.2 20.81 10/29/2011 23 15.6 23.3 20.83 10/28/2012 17.5 12.8 18.3 16.23 
10/30/2010 17.5 18.1 18.9 17.93 10/30/2011 13.4 15 13.6 13.92 10/29/2012 11.9 11.7 15.8 12.52 
10/31/2010 18.3 17.5 20.6 18.46 10/31/2011 17.8 19.4 15.6 17.91 10/30/2012 10.8 10.6 10 10.60 







11/2/2010 18.6 19.4 21.1 19.28 11/2/2011 15 16.9 16.4 15.82 11/1/2012 16.6 15.6 14.1 15.87 
11/3/2010 21.1 20.8 22.8 21.31 11/3/2011 18.4 19.4 17.5 18.55 11/2/2012 14.1 14.2 14.4 14.19 
11/4/2010 21.7 16.4 23.6 20.44 11/4/2011 17.5 14.4 17.8 16.62 11/3/2012 20.3 20.6 15.3 19.53 
11/5/2010 11.4 10.8 16.7 12.14 11/5/2011 12.8 12.8 13.4 12.91 11/4/2012 22.5 20.8 21.7 21.85 
11/6/2010 8.1 8.3 10 8.49 11/6/2011 15.6 16.7 14.1 15.68 11/5/2012 19.5 16.4 20.5 18.74 
11/7/2010 6.9 8.1 8.9 7.61 11/7/2011 18.4 19.2 17.8 18.54 11/6/2012 16.4 15 17.5 16.17 
11/8/2010 9.7 10.3 9.4 9.83 11/8/2011 20.5 21.9 19.5 20.75 11/7/2012 13.6 11.4 13.6 12.94 
11/9/2010 14.2 14.2 10.6 13.58 11/9/2011 19.1 19.4 20.2 19.39 11/8/2012 10.6 10 12.5 10.75 
11/10/2010 15.3 15.3 14.4 15.15 11/10/2011 17.8 13.6 18.6 16.68 11/9/2012 11.4 11.7 11.6 11.53 
11/11/2010 16.1 15.8 16.7 16.12 11/11/2011 11.9 8.6 11.4 10.82 11/10/2012 12.2 12.8 13.6 12.63 
11/12/2010 15.6 14.2 17.5 15.51 11/12/2011 11.4 10  9.00 11/11/2012 16.4 16.9 17.5 16.75 
11/13/2010 12.8 13.1 14.7 13.22 11/13/2011 11.4 15.3 10.6 12.44 11/12/2012 19.2 19.4 19.2 19.27 
11/14/2010 13.1 13.1 14.2 13.30 11/14/2011 17  16.6 11.81 11/13/2012 22.5 18.9 20.3 21.04 
11/15/2010 15.6 15.6 14.2 15.36 11/15/2011 19.7 20 18.4 19.57 11/14/2012 18.3 15 20.3 17.66 
11/16/2010 19.2 20 16.1 18.91 11/16/2011 23.6 24.7 22 23.66 11/15/2012 14.4 12.8 18.4 14.62 
11/17/2010 16.1 13.6 19.2 15.89 11/17/2011 22.8 16.9 23.6 21.17 11/16/2012 12.2 11.1 14.1 12.20 
11/18/2010 10.8 11.7 14.4 11.70 11/18/2011 13.4 13.3 14.8 13.62 11/17/2012 13.9 14.2 11.9 13.65 
11/19/2010 13.3 13.6 13.3 13.39 11/19/2011 16.6 17.8 14.2 16.55 11/18/2012 15.2 15.8 12.8 14.97 
11/20/2010 16.1 17.2 15.6 16.35 11/20/2011 22.5 23.6 18 22.06 11/19/2012 14.8 13.9 15.6 14.67 
11/21/2010 18.1 17.8 17.5 17.91 11/21/2011 20.8 21.1 20 20.76 11/20/2012 15.2 14.7 15 15.02 
11/22/2010 19.7 20.3 20 19.94 11/22/2011 21.4 21.1 22.2 21.46 11/21/2012 16.4 15.6 16.1 16.11 
11/23/2010 19.4 19.2 20.8 19.59 11/23/2011 22.2 19.7 20.5 21.16 11/22/2012 13.3 12.5  10.75 
11/24/2010 21.1 18.6 18.9 19.97 11/24/2011 16.4 14.7  13.04 11/23/2012 11.9 12.2 13.6 12.29 
11/25/2010 19.2 19.7 19.2 19.36 11/25/2011 16.4 16.9 15.6 16.42 11/24/2012 15.8 10.8 10.6 13.39 
11/26/2010 20 20.3 19.7 20.04 11/26/2011 18.9 20.3 19.2 19.38 11/25/2012 7.8 7.5 10.3 8.15 







11/28/2010 9.4 10.6 10 9.87 11/28/2011 19.5 15 21.6 18.51 11/27/2012 13.6 14.2 10.9 13.32 
11/29/2010 18.6 19.4 15.3 18.27 11/29/2011 8.6 9.4 13.1 9.63 11/28/2012 16.7 12.5 16.4 15.39 
11/30/2010 22.8 20.8 23.9 22.40 11/30/2011 7.5 7.2 9.4 7.74 11/29/2012 13.6 14.7 14.7 14.13 
12/1/2010 15.3 7.2 17.5 13.24 12/1/2011 8.1 8.6 5.3 7.77 11/30/2012 16.4 16.9 16.1 16.50 
12/2/2010 5.3 6.1 7.5 5.93 12/2/2011 9.4  9.8 6.64 12/1/2012 17 17.5 18.1 17.35 
12/3/2010 7.8 8.3 7.2 7.85 12/3/2011 13.1 13.9 13.6 13.43 12/2/2012 18.9 18.9 20 19.10 
12/4/2010 10 11.1 8.1 10.00 12/4/2011 17 18.3 15.8 17.19 12/3/2012 17.5 17.8 19.2 17.89 
12/5/2010 15.3 9.7 13.3 13.27 12/5/2011 18  19.5 12.84 12/4/2012 19.5 20 18.3 19.45 
12/6/2010 6.4 4.2 8.1 6.03 12/6/2011 19.7  19.5 13.73 12/5/2012 16.4 16.4 18.4 16.75 
12/7/2010 3.1 3.3 4.2 3.35 12/7/2011 19.1  20.2 13.54 12/6/2012 17 20.3 18 18.17 
12/8/2010 2.8 1.4 3.6 2.52 12/8/2011 6.9 6.9 11.1 7.63 12/7/2012 20.5 16.7 18.3 18.98 
12/9/2010 3.6 5 3.1 3.94 12/9/2011 9.8 11.7 8.6 10.17 12/8/2012 16.4 16.9 18.3 16.89 
12/10/2010 6.9 6.9 5.6 6.68 12/10/2011 13.9 14.4 12.8 13.86 12/9/2012 20.5 19.4 10.3 18.40 
12/11/2010 12.2 12.2 8.6 11.58 12/11/2011 13.1 13.1 13.6 13.19 12/10/2012 20 20 12.5 18.70 
12/12/2010 12.5 9.4 12.5 11.57 12/12/2011 14.1 15.3 13.9 14.43 12/11/2012 22 19.2 20.5 20.90 
12/13/2010 7.2 2.5 9.7 6.22 12/13/2011 15.6 16.1 14.4 15.55 12/12/2012 17 12.5 18 15.82 
12/14/2010 0.6 0.8 0.8 0.70 12/14/2011 15.6 16.9 16.4 16.14 12/13/2012 11.1 9.2 16.4 11.45 
12/15/2010 2.5 2.5 1.7 2.36 12/15/2011 16.6 18.3 18.4 17.43 12/14/2012 9.8 11.1 15 11.10 
12/16/2010 7.5 8.1 2.8 6.87 12/16/2011 16.4 16.7 18.4 16.84 12/15/2012 14.1 14.7 15 14.44 
12/17/2010 16.1 17.5 8.6 15.22 12/17/2011 16.4 17.2 16.4 16.65 12/16/2012 17.2 17.2 14.8 16.79 
12/18/2010 17.2 15.8 16.4 16.64 12/18/2011 13.1 11.1 13.6 12.59 12/17/2012 19.5 20 17 19.22 
12/19/2010 12.2 5 14.2 10.38 12/19/2011 12.2 14.4 11.4 12.73 12/18/2012 18.3 13.3 19.2 16.95 
12/20/2010 5.8 6.1 4.2 5.61 12/20/2011 15.6 16.7  13.22 12/19/2012 11.9 12.5 13.1 12.29 
12/21/2010 7.8 8.3 6.7 7.76 12/21/2011 19.1 19.7 17.8 19.06 12/20/2012 14.7  13.1 9.99 
12/22/2010 15 14.4 7.5 13.52 12/22/2011 20.5 21.4 19.8 20.66 12/21/2012 12.8  13.9 9.13 







12/24/2010 5.8 6.7 5 5.93 12/24/2011 16.4 17.5 18 17.02 12/23/2012 6.4 7.8 5.6 6.68 
12/25/2010 8.1 8.3 6.7 7.92 12/25/2011 17.8 18.9  15.04 12/24/2012 13.4 13.9 7.2 12.48 
12/26/2010 8.3 2.8 8.6 6.70 12/26/2011 18.3 18.1 18 18.19 12/25/2012 17.8 18.9  15.04 
12/27/2010 0.8 1.7 0.6 1.04 12/27/2011 16.6 13.1 18.9 15.95 12/26/2012 18.6 12.5 14.7 16.09 
12/28/2010 1.4 2.5 1.1 1.68 12/28/2011  8.9 12.5 4.86 12/27/2012 7.8 6.1 11.4 7.92 
12/29/2010 3.6 4.7 1.4 3.55 12/29/2011 10 11.1 10 10.33 12/28/2012 8.4 9.7 10.9 9.23 
12/30/2010 11.9 11.4 4.7 10.50 12/30/2011 13.3 14.2 10.2 13.04 12/29/2012  12.5 10.9 5.67 
12/31/2010 16.9 18.1 13.6 16.69 12/31/2011 17 17.2 15 16.72 12/30/2012 6.7 5.3 10.9 7.01 































DOC Export Flux 
(mmolC/m2/tidal 
cycle) 





0 10/23/2011 2.10 0.02 11 603 74 0.021 3.79 
2 0.6 10/23/2011 1.99 0.08 26 561 11 0.045 8.14 
3 1.1 10/23/2011 1.39 0.11 18 573 0 0.032 5.78 
4 1.8 10/23/2011 1.07 0.03 4 539 26 0.007 1.19 
5 2.3 10/23/2011 1.12 0.08 7 578 71 0.013 2.44 
6 2.7 10/23/2011 1.30 0.09 8 508 4 0.012 2.17 
7 3.0        0.00 
8 3.2 10/23/2011 1.14 0.01 1 713 188 0.002 0.39 
9 3.5 10/23/2011 1.33 0.05 6 633 35 0.012 2.27 
10 3.7 10/23/2011 0.80 0.08 4 700 54 0.009 1.70 
11 4.2 10/23/2011 1.10 0.04 3 772 71 0.006 1.13 
12 (Snipe 
Creek) 
4.6 10/23/2011 1.37 4.56 486 472 36 0.713 130 
13 5.0 10/23/2011 0.88 4.41 121 562 34 0.211 38.6 
14 5.2 10/23/2011 1.25 3.78 364 481 12 0.545 99.4 
15 5.6 10/23/2011 1.65 2.31 216 593 59 0.398 72.7 
16 5.7 10/23/2011 0.70 5.56 76 456 71 0.108 19.7 
17 6.0 10/23/2011 0.70 13.6 149 483 9 0.224 40.9 
18 6.2 10/23/2011 0.82 4.31 183 467 6 0.265 48.4 







20 6.7 10/23/2011 1.46 5.65 108 543 3 0.183 33.3 
21 7.0 10/23/2011 0.77 0.02 24 947 120 0.071 12.9 
22 7.7 10/23/2011 0.70 0.03 2 757 94 0.004 0.66 






















































DOC Export Flux 
(mmolC/m2/tidal cycle) 





0 2/7/2012 3.05 0.20 131 240 19 0.098 17.9 
2 0.6 2/7/2012 1.37 0.14 31 217 1 0.021 3.84 
3 1.1 2/7/2012 1.22 0.10 13 247 12 0.010 1.84 
4 1.8 2/7/2012 1.07 0.23 32 232 6 0.023 4.24 
5 2.3 2/7/2012 0.91 0.21 16 254 9 0.013 2.32 
6 2.7 2/7/2012 0.85 0.15 8 274 29 0.007 1.27 
7 3.0         
8 3.2 2/7/2012 1.01 0.14 8 279 7 0.007 1.29 
9 3.5 2/7/2012 0.82 0.17 9 272 4 0.008 1.39 
10 3.7 2/7/2012 0.52 0.09 5 314 2 0.005 0.83 
11 4.2 2/7/2012 0.61 0.29 10 439 109 0.014 2.53 
12 (Snipe 
Creek) 
4.6 2/7/2012 0.76 0.22 13 414 4 0.017 3.07 
13 5.0         
14 5.2 2/7/2012 0.61 0.25 14 445 10 0.020 3.58 
15 5.6 2/7/2012 0.49 0.11 6 556 33 0.011 2.03 
16 5.7         
17 6.0         
18 6.2 2/7/2012 0.52 0.14 5 569 13 0.008 1.49 
19 6.5 2/7/2012 0.55 0.14 5 616 21 0.010 1.85 
20 6.7         







22 7.7 2/7/2012 0.76 0.15 9 649 19 0.019 3.39 



































DOC Export Flux 
(mmolC/m2/tidal cycle) 





0 4/17/2012 2.13 0.06 30 425 62 0.040 7.23 
2 0.6 4/17/2012 1.68 0.05 14 431 39 0.018 3.34 
3 1.1 4/17/2012 1.13 0.09 12 506 10 0.019 3.42 
4 1.8 4/17/2012 1.22 0.06 9.2 424 70 0.012 2.22 
5 2.3         
6 2.7 4/17/2012 1.22 0.06 4.9 567 4 0.009 1.57 
7 3.0 4/17/2012        
8 3.2 4/17/2012 1.49 0.10 8.3 613 0 0.016 2.90 
9 3.5 4/17/2012 0.79 0.10 5.2 526 93 0.009 1.57 
10 3.7 4/17/2012 1.10 0.08 8.8 549 56 0.015 2.74 
11 4.2         
12 (Snipe 
Creek) 
4.6 4/17/2012 1.11 0.20 30 585 58 0.055 10.1 
13 5.0 4/17/2012        
14 5.2 4/17/2012 0.85 0.28 18 657 3 0.037 6.77 
15 5.6 4/17/2012 0.73 0.21 8.9 670 5 0.019 3.38 
16 5.7         
17 6.0         
18 6.2 4/17/2012 0.85 0.11 4.9 689 20 0.010 1.91 
19 6.5 4/17/2012 1.40 0.18 21 627 70 0.041 7.56 
20 6.7         







22 7.7 4/17/2012 0.91 0.20 16 721 16 0.036 6.60 




































DOC Export Flux 
(mmolC/m2/tidal cycle) 





0 4/18/2012 1.46 0.168 54 527 1 0.088 16.2 
2 0.6 4/18/2012 1.62 0.119 31 550 11 0.053 9.77 
3 1.1 4/18/2012 1.04 0.201 23 586 4 0.043 7.78 
4 1.8 4/18/2012    620 15 0.000  
5 2.3       0.000  
6 2.7 4/18/2012 1.16 0.426 32 764 3 0.075 13.8 
7 3.0       0.000  
8 3.2 4/18/2012 1.65 0.243 23 778 0 0.056 10.3 
9 3.5 4/18/2012 0.85 0.241 13 824 3 0.034 6.12 
10 3.7 4/18/2012 1.04 0.161 17 780 20 0.040 7.32 
11 4.2 4/18/2012 1.13 0.354 23 747 18 0.054 9.89 
12 (Snipe 
Creek) 
4.6 4/18/2012 1.07 0.281 23 765 17 0.055 10.1 
13 5.0       0.000  
14 5.2 4/18/2012 1.10 0.354 30 868 7 0.081 14.7 
15 5.6 4/18/2012 1.01 0.129 7 888 12 0.020 3.71 
16 5.7       0.000  
17 6.0       0.000  
18 6.2 4/18/2012 1.13 0.098 6 938 27 0.017 3.03 
19 6.5 4/18/2012 1.77 0.183 28 942 7 0.081 14.7 
20 6.7 4/18/2012 1.65 0.107 33 960 17 0.099 18.2 







22 7.7 4/18/2012 1.62 0.304 34 967 9 0.102 18.6 

































DOC Export Flux 
(mmolC/m2/tidal cycle) 





0 7/29/2012 1.86 0.45 182 1980 3.07 1.12 205 
2 0.6 7/29/2012 0.98 0.26 41 1745 48.7 0.22 40.7 
3 1.1 7/29/2012 1.19 0.19 25 1151 4.45 0.09 16.6 
4 1.8 7/29/2012 0.98 0.23 29 1039 30.3 0.09 17.3 
5 2.3 7/29/2012 0.64 0.30 16 1084 42.1 0.05 9.66 
6 2.7 7/29/2012 0.76 0.39 19 1068 32.5 0.06 11.5 
7 3.0 7/29/2012 0.61 0.19 4 1049 13.2 0.01 2.40 
8 3.2 7/29/2012 0.79 0.23 11 1047 10.1 0.03 6.25 
9 3.5 7/29/2012 0.61 0.09 3 1652 4.83 0.02 3.09 
10 3.7 7/29/2012 0.64 0.31 20 1647 7.02 0.10 18.3 
11 4.2 7/29/2012 0.64 0.23 9 1640 9.65 0.04 7.98 
12 (Snipe 
Creek) 
4.6 7/29/2012 0.76 0.27 16 1753 19.3 0.09 15.6 
13 5.0         
14 5.2 7/29/2012 0.76 0.21 12 1686 25.0 0.06 11.8 
15 5.6 7/29/2012 1.22 0.25 17 1085 14.9 0.06 10.7 
16 5.7         
17 6.0         
18 6.2 7/29/2012 0.67 0.08 3 1186 27.6 0.01 1.81 
19 6.5 7/29/2012 1.25 0.17 18 1119 29.8 0.06 11.4 
20 6.7         







22 7.7 7/29/2012 0.91 0.20 16 1131 71.1 0.05 10.0 


































DOC Export Flux 
(mmolC/m2/tidal 
cycle) 





0         
2 0.6         
3 1.1         
4 1.8         
5 2.3         
6 2.7         
7 3.0         
8 3.2         
9 3.5         
10 3.7         
11 4.2         
12 (Snipe 
Creek) 
4.6         
13 5.0         
14 5.2         
15 5.6         
16 5.7         
17 6.0 7/31/2012 1.16 0.27 24 1007 14 0.076 27.7 
18 6.2 7/31/2012 0.88 0.04 2 1088 25 0.007 2.73 
19 6.5 7/31/2012 0.73 0.12 4 1037 9 0.014 5.23 
20 6.7         







22 7.7 7/31/2012 1.01 0.21 39 1077 15 0.13 48.18 


































DOC Export Flux 
(mmolC/m2/tidal 
cycle) 





0 11/11/2012 0.85 0.08 25 1415 21.8 0.108 19.8 
2 0.6 11/11/2012 1.19 0.05 11 1450 6.68 0.048 8.73 
3 1.1 11/11/2012 1.19 0.09 7 1475 10.7 0.033 6.11 
4 1.8 11/11/2012 0.85 0.04 4 1375 13.8 0.019 3.44 
5 2.3 11/11/2012 0.61 0.01 0 1465 6.68 0.002 0.38 
6 2.7 11/11/2012 0.99 0.34 22 1430 4.01 0.097 17.7 
7 3.0         
8 3.2 11/11/2012 0.49 0.25 7 1456 2.23 0.032 5.86 
9 3.5         
10 3.7 11/11/2012 0.88 0.20 17 1533 7.57 0.081 14.9 
11 4.2 11/11/2012 0.70 0.02 1 1533 8.90   
12 (Snipe 
Creek) 
4.6 11/11/2012 0.85 0.05 3 1610 67.6 0.015 2.77 
13 5.0 11/11/2012        
14 5.2 11/11/2012 0.73 0.12 7 1603 95.2 0.035 6.41 
15 5.6 11/11/2012 1.04 0.21 13 1672 4.01 0.065 11.9 
16 5.7         
17 6.0         
18 6.2 11/11/2012 0.91 0.16 7 1900 14.2 0.044 8.04 
19 6.5 11/11/2012 2.56 0.18 40 1899 0.45 0.235 43.0 
20 6.7 11/11/2012 1.52 0.29 83 1957 12.5 0.503 91.8 







22 7.7 11/11/2012 1.28 0.01 1 1898 37.4 0.008 1.47 












Table H: Runoff calculation components for 2010-2012.  Equation for 2010, 2012:         
RO= [(P-2.70)2]/(P+10.81); equation for 2011: RO= [(P-4.16)2]/(P+16.64).  
Calculations performed in English units, then converted to metric units. 
Month Total Area-







Jan-10 0.212 8.35 0.042 1.666 
Feb-10 0.112 4.40 0.005 0.189 
Mar-10 0.110 4.33 0.004 0.176 
Apr-10 0.060 2.34 0.000 0.010 
May-10 0.197 7.77 0.035 1.382 
Jun-10 0.123 4.85 0.008 0.296 
Jul-10 0.173 6.81 0.024 0.960 
Aug-10 0.238 9.36 0.056 2.200 
Sep-10 0.142 5.60 0.013 0.513 
Oct-10 0.005 0.20 0.014 0.567 
Nov-10 0.016 0.63 0.009 0.374 
Dec-10 0.060 2.35 0.000 0.009 
Jan-11 0.229 9.01 0.023 0.916 
Feb-11 0.071 2.78 0.002 0.098 
Mar-11 0.115 4.53 0.000 0.006 
Apr-11 0.075 2.97 0.002 0.072 
May-11 0.046 1.79 0.008 0.304 
Jun-11 0.077 3.05 0.002 0.063 
Jul-11 0.139 5.48 0.002 0.078 
Aug-11 0.103 4.05 0.000 0.001 
Sep-11 0.070 2.77 0.003 0.100 
Oct-11 0.049 1.94 0.007 0.264 
Nov-11 0.026 1.03 0.014 0.556 
Dec-11 0.034 1.32 0.011 0.449 
Jan-12 0.046 1.82 0.002 0.061 
Feb-12 0.045 1.79 0.002 0.066 
Mar-12 0.059 2.31 0.000 0.011 
Apr-12 0.028 1.11 0.005 0.211 
May-12 0.152 5.99 0.016 0.646 
Jun-12 0.469 18.5 0.215 8.480 
Jul-12 0.199 7.83 0.036 1.412 
Aug-12 0.367 14.5 0.139 5.469 
Sep-12 0.104 4.10 0.003 0.131 
Oct-12 0.079 3.10 0.000 0.011 
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Nov-12 0.004 0.15 0.015 0.595 

























Table I: Monthly total riverine discharge from USGS stream gauges for the Aucilla, 












02326500 02326000 02326526 
Jan-10 1288 274.8 414.87 
Feb-10 1461 395.0 374.66 
Mar-10 1393 405.1 424.67 
Apr-10 706.0 128.0 379.33 
May-10 638.3 240.2 465.78 
Jun-10 81.55 82.46 364.18 
Jul-10 140.6 66.01 334.88 
Aug-10 97.04 59.66 386.89 
Sep-10 34.09 55.50 348.41 
Oct-10 14.95 65.19 381.09 
Nov-10 9.189 16.76 404.00 
Dec-10 9.866 15.89 430.19 
Jan-11 35.65 40.86 482.24 
Feb-11 79.85 97.75 477.08 
Mar-11 53.86 59.66 515.06 
Apr-11 57.77 70.03 457.54 
May-11 8.982 25.71 432.14 
Jun-11 0.706 9.112 362.00 
Jul-11 0.981 6.878 356.34 
Aug-11 3.205 4.225 348.38 
Sep-11 1.732 4.596 316.33 
Oct-11 0.199 1.892 305.31 
Nov-11 0.013 1.115 273.77 
Dec-11 0.773 3.255 274.53 
Jan-12 1.045 3.919 268.02 
Feb-12 0.857 3.919 267.57 
Mar-12 76.41 29.64 376.39 
Apr-12 12.91 9.914 333.06 
May-12 0.685 1.312 311.85 
Jun-12 213.7 122.7 331.19 
Jul-12 282.0 382.8 242.96 
Aug-12 255.5 289.6 404.59 
Sep-12 520.9 453.5 463.01 
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Oct-12 136.7 197.8 379.50 
Nov-12 9.843 52.87 292.00 

















Salinity  D.O. 
(mg/L) 
pH ORP 
Snipe #1 15:12 N30°04.391' W83°56.902' 492.7 20.87 40.49 25.94 2.98 7.22 66.0 
Snipe #2 15:16 N30°04.446' W83°56.884' 516.0 20.94 40.42 25.88 3.95 7.4 63.4 
Snipe #3 15:27 N30°04.588' W83°56.853' 629.4 21.26 40.43 25.82 4.82 7.36 62.0 
Snipe #4 15:32 N30°04.631' W83°56.803' 648.4 21.15 40.38 25.85 5.42 7.5 55.2 
Snipe #5 15:37 N30°04.710' W83°56.766' 804.0 22.14 40.00 25.57 6.31 7.52 57.8 
Snipe #6 15:41 N30°04.738' W83°56.741' 986.2 22.63 38.67 24.60 7.32 7.5 66.4 
Snipe #7 16:02 N30°04.300' W83°57.149' 530.7 21.00 40.48 25.92 7.51 7.8 75.0 
Snipe #8 16:07 N30°04.127' W83°57.139' 467.7 20.89 40.55 25.98 8.22 7.82 73.6 
Snipe #9 16:11 N30°04.006' W83°57.338' 451.0 20.78 40.58 26.00 8.9 7.85 72.6 










Salinity  D.O. 
(mg/L) 
pH ORP 
Snipe #1 16:13 N30°04.739' W83°56.739' 894.0 21.82 39.38 25.15 7.93 7.77 79.3 
Snipe #2 16:17 N30°04.713' W83°56.765' 806.0 21.36 41.03 26.31 7.2 7.65 79.1 
Snipe #3 16:22 N30°04.629' W83°56.803' 617.7 19.68 41.32 26.54 6.83 7.63 77.2 
Snipe #4 16:27 N30°04.587' W83°56.852' 640.3 19.95 41.47 26.63 7.05 7.7 73.9 
Snipe #5 16:34 N30°04.440' W83°56.895' 473.3 20.44 41.76 26.84 7.6 7.87 72.0 
Snipe #6 16:37 N30°04.377' W83°56.909' 485.1 20.32 41.77 26.85 7.6 7.91 67.6 
Snipe #7 17:04 N30°04.305' W83°57.159' 505.3 20.18 41.81 26.88 7.87 7.92 79.5 







Snipe #9 17:14 N30°04.013' W83°57.325' 429.6 19.77 41.88 26.93 7.8 7.91 81.6 










Salinity  D.O. 
(mg/L) 
pH ORP 
Snipe #1 13:00 N30°04.740' W83°56.738' 1117 25.62 39.96 25.48 3.97 7.15 16.3 
Snipe #2 14:17 N30°04.712' W83°56.763' 950.0 26.91 39.56 25.16 5.19 7.35 23.1 
Snipe #3 14:26 N30°04.627' W83°56.801' 815.4 26.64 38.59 24.49 5.37 7.48 36.6 
Snipe #4 14:33 N30°04.587' W83°56.857' 722.1 26.93 38.08 24.12 5.39 7.45 17.5 
Snipe #5 14:45 N30°04.437' W83°56.899' 702.7 26.76 37.67 23.84 5.97 7.57 10.0 
Snipe #6 15:09 N30°04.379' W83°56.909' 692.8 26.77 37.62 23.81 6.06 7.56 -11.5 
Snipe #7 15:33 N30°04.314' W83°57.164' 700.0 26.99 37.51 23.73 6.19 7.55 -27.2 
Snipe #8 15:42 N30°04.127' W83°57.159' 712.2 26.55 37.46 23.7 6.38 7.56 -31.2 
Snipe #9 15:48 N30°04.010' W83°57.309' 666.3 26.38 37.4 23.66 6.75 7.69 14.0 








 Salinity     
Snipe #1 15:18 N30.07874 W83.94590 893.4 28.0  12.5    
Snipe #2 15:21 N30.07856 W83.94607 1107 28.2  12.8    
Snipe #3 15:27 N30.07710 W83.94670 997.4 28.3  12.7    
Snipe #4 15:31 N30.07651 W83.94759 1150 28.3  12.4    
Snipe #5 15:45 N30.07392 W83.94833 1029 28.3  12.3    
Snipe #6 16:02 N30.07297 W83.94855 1255 28.5  12.1    
Snipe #7 16:10 N30.07185 W83.95278 1174 28.6  12.7    







Snipe #9 16:21 N30.06692 W83.95551 1047 28.6  12.8    










Salinity  D.O. 
(mg/L) 
pH ORP 
Snipe #1 11:15 N 30° 0.4.729' W 83° 56.750' 2872 13.01 66.00 44.68 3.46 7.42 131 
Snipe #2 11:24 N 30° 04.713' W 83° 56.764' 2671 13.62 67.47 45.81 3.88 7.44 151 
Snipe #3 11:35 N 30° 04.627' W 83° 56.800' 2319 15.54 69.57 47.56 4.42 7.54 145 
Snipe #4 12:05 N 30° 04.588' W 83° 56.857' 2406 16.18 69.47 47.49 4.96 7.59 178 
Snipe #5 12:21 N 30° 04.424' W 83° 56.897' 2036 16.80 68.08 57.06 5.47 7.69 190 
Snipe #6 12:39 N 30° 04.356' W 83° 56.935' 2074 16.74 68.80 47.00 5.52 7.72 199 
Snipe #7 12:53 N 30° 04.308' W 83° 57.087' 1999 16.53 68.35 46.65 5.61 7.81 214 
Snipe #8 13:02 N 30° 04.128' W 83° 57.188' 1840 16.34 68.04 46.39 5.57 7.90 188 
Snipe #9 13:07 N 30° 04.102' W 83° 57.315' 1812 16.32 68.08 46.42 6 7.92 183 
Snipe #10 13:15 N 30° 03.944' W 83° 57.486' 1753 16.51 68.26 46.60 5.97 7.98 173 
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Table K: Total data collected from each inlet for time period sampled 
October 2011 Ebb Tide 




Salinity  pH D.O. 
1 18.68  27.41   
2 18.88  27.96   
3 19.29  26.65   
4 19.0  27.61   
5 18.97  26.83   
6 19.07  26.86   
7      
8 19.06  26.81   
9 19.18  26.61   
10 19.33  26.52   
11 19.11  26.13   
12 17.9 42.02    
13 18.5 40.14    
14 18.4 41.22    
15 18.4 39.82    
16 18.8 39.53    
17 18.7 39.37    
18 18.8 34.34    
19 19.2 34.42    
20 19.3 34.95    
21 19.27  24.48   
22 19.39  25.16   
23 19.25  24.63   




February 2012 Ebb Tide 




Salinity  pH D.O. 
1 18.94 37.83 24.07 7.88 6.97 
2 18.93 40.64 26.05 7.94 7.33 
3 19.02 37.8 24.01 7.89 6.75 
4 19.08 40.86 26.19 7.9 7.05 
5 19.11 40.71 26.08 7.97 7.16 
6 18.99 41.22 26.46 7.98 7.36 
7      
8 19.26 41.9 26.95 8 7.22 
9 19.38 41.98 27 7.99 7.35 
10 19.29 41.96 26.99 7.9 7.22 
11 19.44 41.79 26.87 7.91 7.15 
12 19.43 41.29 26.51 7.93 7.36 
13      
14 19.37 41.03 26.32 7.88 7.1 
15 19.61 40.76 26.13 7.8 6.61 
16      
17      
18 19.62 40.94 26.26 7.9 7.24 
19 19.55 41.01 26.31 7.86 7.03 
20      
21 19.7 41.08 26.37 7.87 7.225 
22 19.74 41.04 26.285 7.93 7.28 
23 19.76 40.78 27.145 7.89 7.31 




April 2012 Ebb Tide 




Salinity  pH D.O. 
1 25.43 36.7 23.19 8.19 7.32 
2 25.79 37.08 23.45 8.22 7.25 
3 25.94 36.25 22.86 8.14 7.08 
4 26.06 36.57 23.09 8.17 6.99 
5      
6 26 36.71 23.19 7.98 6.97 
7      
8 26.29 36.96 23.35 7.91 6.58 
9 26.33 37.15 23.49 7.93 6.63 
10 26.36 37.26 23.56 7.91 6.46 
11      
12 26.345 37.57 23.78 7.955 6.675 
13      
14 26.48 37.86 23.98 7.94 6.55 
15 26.4 37.65 23.84 7.88 6.32 
16      
17      
18 26.26 37.62 23.81 7.78 5.88 
19 26.57 37.39 23.65 7.81 6.12 
20      
21 29.48 37.1 23.45 7.94 6.62 
22 26.79 37.11 23.45 7.9 6.43 
23 26.915 36.665 23.135 7.87 6.3 




April 2012 Flood Tide 




Salinity  pH D.O. 
1 24.24 36.22 22.88 7.4 9.29 
2 24.05 36.72 23.23 7.29 6.54 
3 23.69 36.2 22.87 7.66 6.67 
4      
5      
6 23.76 37.48 23.77 8.02 6.84 
7      
8 23.64 37.87 24.04 8.05 6.09 
9 23.91 37.87 24.04 7.87 5.81 
10 23.98 38.27 24.32 7.7 5.76 
11 24.14 38.22 24.38 7.47 7.27 
12 24.03 38.49 24.47 8.085 6.34 
13      
14 24 38.06 24.17 8.24 4.73 
15 24.11 37.71 23.93 7.98 4.8 
16      
17      
18 24.11 37.5 23.78 7.7 4.74 
19 24.11 37.65 23.88 8.03 4.53 
20 24.17 37.39 23.7 8.22 4.47 
21 24.32 37.86 24.03 7.92 4.31 
22 24.32 37.52 23.8 7.87 4.17 
23 24.27 38.91 24.76 7.83 4.23 




July 2012 Ebb Tide 




Salinity  pH D.O. 
1 29.01 6.758 3.68  3.92 
2 31.28 20.32 12.06  4.28 
3 31.65 14.27 8.2  4.2 
4 31.01 24.17 14.83  4.81 
5 31.31 22.05 13.11  4.55 
6 31.09 22.61 13.54  4.79 
7 31.27 22.96 13.75  4.21 
8 31.03 22.75 13.62  4.7 
9 30.97 23.03 13.81  4.84 
10 30.82 23.33 14  4.9 
11 30.6 22.96 13.77  4.96 
12 30.68 22.3 13.98  4.7 
13      
14 30.86 25.05 15.13  5.01 
15 30.96 25.01 15.11  4.97 
16      
17      
18 30.66 25.22 15.25  4.18 
19 30.65 25.77 15.62  4.46 
20      
21 30.5 25.97 15.75  4.73 
22 30.8 25.98 15.75  4.69 
23 30.7 25.85 15.67  4.37 




July 2012 Flood Tide 







1      
2      
3      
4      
5      
6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16      
17 27.68 24.4 14.77  3.83 
18 27.88 24.01 14.5  4.45 
19 28.01 24.7 14.96  4.6 
20      
21 27.88 24.35 14.73  4.51 
22 27.82 24.39 14.76  4.55 
23 27.8 22.05 13.2  4.05 




November 2012 Ebb Tide 




Salinity  pH D.O. 
1 18.76 65.81 44.62 8.05 5.88 
2 18.75 68 46.41 8.09 6.02 
3 18.16 68.07 46.46 8.13 5.93 
4 18.83 72.04 50.18 8.09 5.93 
5 18.49 73.73 50.89 8.02 5.73 
6 18.63 75.1 52.03 8.06 6.13 
7      
8 18.5 75.05 51.95 8.04 6.23 
9      
10 18.44 74.48 51.5 8.03 5.95 
11 18.35 74.62 51.68 8.06 6.29 
12 18.13 72.93 50.26 8.02 5.79 
13      
14 18.13 72.6 50 8.05 6 
15 18.17 71.64 49.25 8.08 6.44 
16      
17      
18 17.78 69.13 47.28 8 6.11 
19 17.82 67.8 46.24 8.01 6.29 
20 17.81 65.21 44.24 8 6.33 
21      
22 17.98 63.51 42.94 8.02 6.08 
23 17.86 60.51 41.05 8 6.29 









Figure A: Surface water DOC concentration shown with distance downstream from 





























Figure B: Bottom water DOC concentration in Snipe Creek from two ISCO 
autosamplers, placed at the mouth and split of Snipe Creek from 12:00 on 28 July 2012 to 
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